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ABSTRACT 


The  problem  of  separated  flow  about  a  circular  cylinder  is  studied 
analytically  through  the  use  of  two  potential  flow  models.   Following 
a  detailed  review  of  the  present  state  of  knowledge,  mathematical 
formulation  of  the  models  and  appropriate  computer  programs  are 
presented.   These  models  are  shown  to  be  capable  of  simulating  the 
asymmetric  vortex  shedding. 
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TABLES    OF    SYMBOLS   AND  ABBREVIATIONS 


ENGLISH 


C  Drag  coefficient;  defined  by  equation  (1) 

C  Pressure  coefficient;  defined  by  equation  (27) 

c  Radius  of  circular  cylinder  or  sphere 

D  Differential  operator 

^^Jj  Cartesian  tensor  notation  for  Eulerian  total  derivative 

F  Drag  force  on  circular  cylinder 

F  Lift  force  on  circular  cylinder 

f.  Cartesian  tensor  notation  for  body  forces 

g  Acceleration  of  gravity 

i  -\j^ 

K  A  free  parameter  in  Free  Streamline  Theory 

M  Mach  number  or  number  of  free  vortices 

N  Total  number  of  free  and  attached  vortices  in  a 
flow  field 

P  Pressure 


1 


q.  Cartesian  tensor  notation  for  the  three  axial  velocities; 

2U^  c 


qi  =  u;  q2  =  v,  and  q3  =  w 


Re  Reynolds  number;  for  circular  cylinder,  Re  = 

S  Strouhal  number;  for  circular  cylinder,  S  = 


Zc 

ur 


T  Strouhal  period;  U   T  =  length  of  wake  generated  in 

one  period 

t  Time 

u\  Velocity  of  the  ambient  flow;  could  be  time  dependent 

u  Instantaneous  velocity  in  x-direction  of  a  two  or  three 

dimensional  cartesian  system 


V  Instantaneous  total  velocity  vector 

v  Instantaneous  velocity  in  y-direction  of  a  two  or 

three  dimensional  cartesian  system 

W(z)        A  function  of  complex  variables;  defined  by; 

W(z)=*Kx,y)  +  <t>(*,y) 

w  Instantaneous  velocity  in  z-direction  of  a  three 

dimensional  cartesian  system 

Z  Complex  variable;  z  =  x  +  iy,  an  undefined  location;  for 

example,  z   =  x   +  iy   could  be  the  location  of  the  nth 

n     n      n 
vortex 


GREEK 


Strength  or  circulation  of  a  vortex;  defined  as  the  line 
integral  of  the  tangential  velocity  component  around  a 
closed  curve,  or  defined  as  the  integral  of  vorticity 
over  a  surface  bounded  by  a  closed  curve 


6 


Specific  weight;  defined  by,  Q~p% 


6.  .  ,        Cartesian  tensor  permutation  symbol 


Cartesian  tensor  vorticity  vector;  defined  by  equation 
U  (20)  in  Section  II 


An  angle  measured  from  the  positive  x-axis 


LI  Absolute  viscosity 

7^  Kinematic  viscosity;  defined  by,T=  -A— 

t 

I  Density 

(T  Velocity  potential  function 

W  Stream  function 

SUBSCRIPTS 

i  Cartesian  tensor  index;  i  =  1,2,3;  or  indicates 
quantity  pertains  to  an  image  vortex 

1  Cartesian  tensor  index;  j  =  1,2,3 

k  Cartesian  tensor  index;  k  =  1,2,3 

m  Vortex  counter  index;  m  =  1,2, ,M 

n  Vortex  counter  index;  n  =  1,2, ,N 
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I.   INTRODUCTION 

The  postulation  of  an  analytic  solution  for  a  viscous  fluid  flow 

about  a  circular  cylinder  has  perplexed  hydrodynamic  investigators  for 

several  centuries.   Although  notes  left  by  Leonardo  da  Vinci  (1452-1519) 

indicate  more  than  a  qualitative  interest,  it  was  not  until  the  early 

seventeenth  century,  during  the  evolution  of  Potential  Theory,  that  the 

first  formal  attempts  were  made  at  quantitative  analysis.   Though  there 

was  some  understanding  of  viscous  effects  during  this  period,  they  were 

basically  qualitative  and  were  not  taken  into  consideration  when  in  1750 

D'Alembert  found  that: 

The  force  on  a  body  in  steady  motion  relative  to  an  other- 
wise undisturbed  ideal  fluid  is  zero.  [I]1 

This  result,  classically  known  as  D'Alembert 's  Paradox,  was  of  course 
unsatisfactory.   Decades  have  elapsed  since  investigators  found  the 
qualitative  reasons  for  the  erroneous  results  given  in  this  and  other 
cases  by  Potential  Theory. 

Philosophically  speaking,  to  the  engineer  the  utlimate  goal  of  any 
analytic  procedure  is  to  provide  a  power  of  prediction  for  design  ap- 
plications.  As  yet  this  capability  is  generally  only  realizable  from 
experimental  investigations  and  then  only  for  certain  flow  characteris- 
tics.  For  a  circular  cylinder  immersed  in  a  steady  cross-flow  as  shown 
in  Figure  1,  the  drag  force  can  be  calculated  from: 


The  bracketed  numbers  refer  to  the  item  number  in  the  List  of 


References. 
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C   is  determined  experimentally  as  a  function  of  the  Reynolds  number  as 
shown  in  Figure  2.   Except  for  Re  <C  1 ,  there  is  presently  no  general 
analytical  method  available  to  generate  these  results.   This  exception 
will  be  discussed  in  more  detail  in  Section  II.   The  primary  point  in- 
volved here  is  that  for  each  geometric  shape,  or  group  of  geometric 
shapes  immersed  in  a  steady  flow  field,  there  would  have  to  be  an  ex- 
perimentally found  C   curve  for  each  case.   In  fact,  for  an  incompres- 
sible fluid,  the  form  of  equation  (1)  would  have  to  be  more  general: 


FD  =   f(Re),  (2) 


and  for  a  compressible  fluid: 

FD   =  f(Re,  M).  (3) 

For  all  but  the  simplest  geometries,  the  definition  of  Re  and  M  are  in 
themselves  difficult  problems;  not  as  to  their  general  meanings,  but  as 
to  specific  combination  of  the  physical  parameters  for  a  given  applica- 
tion. 

Though  used  only  as  an  illustrative  example  above,  the  analytical 
determination  of  C  has  more  subtle  implications  than  those  previously 
indicated.   It  requires  a  complete  understanding  of  separated  flow, 
particularly  from  the  aspect  of  vorticity  generation  in  the  boundary 
layers  before  separation.   It  is  this  point  that  presents  the  greatest 
problem  in  the  postulation  of  a  mathematical  model;  for  it  is  assumed 
that  if  a  general  analytical  solution  can  be  found  for  C   in  time- 
dependent  flows,  then  analytic  determination  of  all  or  most  of  the  other 
flow  characteristics  will  follow.   Also,  since  a  circular  cylinder  and 
its  surrounding  flow  field  can  be  easily  represented  in  two  dimensions 
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by  a  function  of  complex  variables,  it  is  possible  to  easily  transform 
the  cylinder  into  other  two-dimensional  shapes  using  the  technique  of 
conformal  mapping.   For  inviscid,  incompressible  fluids,  this  technique 
has  been  used  to  great  advantage  particularly  in  aerodynamics,  however 
external  knowledge  of  boundary  layer  effects  was  needed. 

So  far,  the  discussion  has  centered  around  total  drag.   For  future 
analysis  it  is  necessary  to  break  this  into  its  two  classical  components, 
skin  friction  and  form  drag.   The  skin  friction  is  the  integral  of  the 
shearing  stresses  over  the  surface  of  the  body  and  is  dependent  on  the 
action  of  the  fluid  in  the  boundary  layer.   The  form  drag  is  equal  to 
the  integral  of  the  forces  normal  to  the  surface  of  the  body  and  is 
assumed  to  be  dependent  only  on  the  inviscid  fluid  action  outside  the 
boundary  layer.   This  assumption  is  made  since  an  order  of  magnitude 
analysis  of  the  Navier-Stokes  equations  indicates  that  the  pressure 
gradient  through  the  boundary  layer  is  negligible  as  compared  to  other 
effects.   The  practice  of  considering  the  fluid  outside  the  boundary 
layer  as  inviscid  is  due  again  to  an  order  of  magnitude  analysis  of  the 
Navier-Stokes  equations.   This  time,  when  considering  only  the  region 
outside  the  boundary  layer,  the  equations  reduce  to  the  inviscid  equa- 
tions of  motion  and  permit  the  application  of  Potential  Theory  to  this 
region.   Note  that  large  Reynolds  numbers  have  been  assumed  in  both 
instances. 

Following  the  above  reasoning  further,  leads  to  the  conclusion  that 
if  no  separation  of  the  boundary  layer  occurs,  the  form  drag  is  essen- 
tially zero  since  there  is  no  disturbance  to  the  external  inviscid  flow. 
At  very  low  Reynolds  numbers,  this  conclusion  is  reasonable  and  can  be 
considered  a  basis  for  the  famous  "creeping  motion"  solution  of  G.  G. 
Stokes  in  1851.   In  this  case  skin  friction  predominates.   At  larger 
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Reynolds  numbers,  however,  there  is  boundary  layer  separation  and  form 
drag  becomes  important.   The  external  flow  field  is  disturbed  by  regions 
of  intense  vorticity  which  causes  a  decrease  in  pressure  behind  the  body 
as  compared  to  the  undisturbed  inviscid  solution.   It  is  evident  then, 
that  without  considering  the  direct  shear  force  effects  of  viscosity  as 
represented  by  skin  friction,  and  the  indirect  effects  represented  by 
vorticity  regions,  the  qualitative  concepts  reduce  such  that  D'Alembert's 
quantitative  solution  results. 

Earlier  in  this  discussion,  mention  was  made  concerning  the  practice 
of  considering  the  undisturbed  fluid  outside  the  boundary  layer  as  in- 
viscid.   This  requires  amplification  and  a  word  of  caution.   In  1908, 
H.  Blasius  presented  a  solution  to  the  boundary  layer  on  a  circular 
cylinder.   As  far  as  his  paper  was  concerned  the  method  of  solution, 
rather  than  the  result,  was  the  most  important  contribution.   Briefly, 

it  involves  the  use  of  a  series  expansion  for  the  free  stream  velocity 

2 
iust  external  to  the  boundary  layer.    If  this  velocity  is  taken  as  that 

found  for  incompressible,  inviscid  flows  derived  from  Potential  Theory 

on  the  surface  of  the  cylinder,  the  angular  distance  between  the  upstream 

stagnation  point,  and  the  boundary  layer  separation  point  is  found  to  be 

3 
108.8  degrees;  the  center  of  the  cylinder  is  taken  as  the  origin.    If 

experimental  velocity  determinations  are  used,  the  solution  yields  a 

separation  point  at  about  82  degrees.   The  observed  separation  point  is 


2 
For  a  complete  presentation  of  this  method,  see  [2],  pages  154-162 

The  boundary  layer  separation  point  is  defined  as:  ^  l>  / ^ /     u-c 
where  u  is  the  fluid  velocity  parallel  to  the  body  surface, 
and  y  is  directed  normal  to  the  surface,  with  its  origin  at  the  surface. 
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at  about  81  degrees.   Herein  then  lies  the  problem  with  the  above  prac- 
tice:  even  at  high  Reynolds  numbers  there  is  sufficient  interaction 
between  the  boundary  layer  and  the  external  "inviscid"  flow  to  cause 
considerable  error  in  the  results  of  essentially  exact  methods  of  solu- 
tion.  As  will  be  shown  in  Section  III,  the  separation  point  is  critical 
in  any  method  that  attempts  to  mathematically  generate  a  reasonably  cor- 
rect drag  coefficient  curve. 

In  recent  years,  extensive  experimental  work  with  the  flow  past 
bluff  bodies  has  provided  researchers  with  a  clearer  understanding  of 
the  mechanism  of  boundary  layer  separation.   As  a  result,  several  models 

have  been  devised  to  portray  the  overall  fluid  action.   However,  to  date 

4 
none  has  provided  the  sought-after  general  solution.   A  survey  of  the 

literature  indicates  that  there  are  two  basically  different  analytical 
approaches  being  made.   The  first,  and  probably  the  most  obvious,  is  the 
solution  of  the  nonlinear  Navier-Stokes  equations  using  finite  differ- 
ence techniques.   The  second  is  a  potential  flow  model  in  which  the  shear 
layers  are  represented  as  point  concentrated  vorticies.   Both  these 
models,  particularly  the  latter,  will  be  described  in  greater  detail  in 
succeeding  sections. 

Since  this  thesis  does  not  propose  a  general  solution,  it  is  hoped 
that  the  following  sections  will  help  to  clarify  the  problem  and  to 
provide  a  basis  from  which  future  work  can  be  done.   Section  II  reviews 
the  literature  on  separated  flows;  concentrating  on  those  aspects  that 
relate  to  incompressible  flow  about  circular  cylinders.   Section  III 
presents  the  two  potential  flow  models  that  the  author  used  in  an  at- 
tempt to  generate  the  aforementioned  drag  curves. 


4 
The  development  of  the  high  speed,  large  storage  capacity  digital 

computer  has  also  been  extremely  important  to  the  study. 
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II.   REVIEW  OF  THE  PRESENT  STATE  OF  KNOWLEDGE 

Because  of  the  large  number  of  references  available  on  separated 
flows,  the  author  has  elected  to  limit  this  review  through  the  use  of 
the  following  guidelines.   First,  since  there  still  exists  a  lack  of 
basic  understanding  of  the  mechanism  of  separation  only  references  to 
studies  involving  essentially  incompressible  fluid  will  be  used.   This 
enables  the  added  complications  of  compressible  phenomenon,  both  qualita- 
tive and  mathematical,  to  be  ignored.   Secondly,  a  study  of  the  literature 
reveals  that  several  different  geometries  have  been  used  both  in  experi- 
mental and  analytical  work;  the  results  not  always  consistent  nor  related 
to  each  other.   Therefore,  the  circular  cylinder  is  taken  as  the  basic 
geometry  for  this  review.   The  use  of  a  circular  cylinder  implies,  to  a 
large  extent,  two-dimensionality;  which  is  another  simplification. 
Though  particularly  helpful  from  a  qualitative  standpoint,  this  simplifi- 
cation is  also  useful  mathematically.   Thirdly,  the  information  will  not 
necessarily  be  presented  in  chronological  order  as  is  so  often  done  in 
reviews  of  this  nature.   It  is  felt  that  a  loose  division  by  Reynolds 
number  is  more  pertinent  since  the  analytical  solutions  thus  far  derived 
are  only  applicable  to  given  ranges  of  this  "magic  number,"   as  von 
Karman  calls  it.   Lastly,  the  discussion  will  in  general  be  limited  to 
the  laminar  flow  regime.   As  the  Reynolds  number  increases  above  the 
critical  value,  increasing  consideration  must  be  given  to  compressibility 
and  eventually  to  cavitation;  two  complicating  subjects  outside  the  scope 
of  this  thesis. 

A.    REYNOLDS  NUMBER  LESS  THAN  ONE 

In  this  Reynolds  number  range,  the  viscous  forces  acting  on  the 
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cylinder  are  considerably  larger  than  the  inertial  forces.   This  leads 
to  the  conclusion  that  if  the  inertia  terms  are  dropped  from  the  Navier- 
Stokes  equations,  an  approximate  solution  may  result  that  would  compare 
favorably  with  experimental  data.   Stokes,  as  previously  indicated,  did 
this  in  1851  when  he  presented  the  first  solution  for  the  drag  on  any 
body.   Though  he  used  a  sphere  in  his  solution,  it  is  still  worthwhile 
presenting  here.   The  mathematical  details  are  not  the  same,  but  the 
basic  steps  are. 

The  complete  Navier-Stokes  equations  for  incompressible,  constant 
temperature  conditions  are  (expressed  in  three-dimensional  Cartesian 
tensor  notation  [4]): 


te-i-Mi+vfajt    •  (*) 


The  incompressible  continuity  equation  is: 


foyl     =  O  (5) 


By  dropping   the   inertia  and  body   force   terms,    then  cancelling  density 
from  both   sides   of   the   rearranged  equation,    one  has 


?>^Mf<L,ii       '  W 


The  four  equations  represented  by  (5)  and  (6)  have  the  same  usual 
boundary  conditions  used  for  any  boundary  layer  problem  of  this  nature 
when  the  body  is  immersed  in  an  infinite  fluid:   the  fluid  velocities 
normal  to  and  tangent  to  the  body  surface  are  equal  to  zero. 

After  taking  the  divergence  of  both  sides  of  equation  (6),  it 
becomes: 


P.  .  =  U.CL.    .      .     •  (7) 
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But  the  right  hand  side  of  equation  (7)  can  be  written  as  U   (6L-     •)     •  • 

r  < f^tt off 

which  is  the  second  derivative  of  the  continuity  equation  and  there- 
fore equal  to  zero.   This  means  that  in  creeping  motion,  the  pressure 
field  satisfies  Laplace's  equation  and  hence  is  a  potential  or  harmonic 
function.   Now,  by  introducing  the  two-dimensional  stream  function, 


UjL   '      ~  ~IJ 


■■/ 


7V 


7 


D^  =  D2(D2^) 


(8) 


into  the  right  hand  side  of  equation  (7),  dropping  r  and  LL      the 

two-dimensional  biharmonic  equation  results. 


(9) 


Without  going  into  the  mathematical  details,  it  is  sufficient  to 
say  that  the  pressure  and  velocity  components  reduce  to: 


-  =  ^||^  fa-,)-±f3+f;  +, 


v  =  IT    1  <k*j£  I ' sL  -  / 


*-u-f^ft-' 


P-  p    ^  -2-  /L 


U^C* 


r 


r2--  x2-hf?  *  z2 


(10) 


The  geometric  configuration  is  such  that  the  center  of  the  sphere  is  at 


18 


the  origin  of  the  coordinate  system  and  is  placed  in  a  positive  velocity 
field,   u      ,  which  is  parallel  to  the   x-axis. 

Next,  by  using  the  standard  definitions  of  shear  stress  along  with 
equation  (10),  the  viscous  and  pressure  forces  can  be  found  by  integra- 
tion over  the  sphere's  surface.   The  total  drag  for  the  sphere  then 
becomes , 

^  =  ZirjAcU^   .  (id 

If  a  drag  coefficient  is  formed  in  the  normal  manner  (i.e.,  referring 
to  the  dynamic  head  and  frontal  area),  then, 

Equating  (11)  and  (12),  then, 

<;  ■  £ 

Comparison  of  this  result  with  experimental  data  indicates  that 
these  equations  are  valid  only  for  cases  where  Re  ^  1.   A  classic  case 
of  application  is  that  of  small,  light  particles,  assumed  spherical  in 
shape,  settling  in  a  fluid.   Assuming  that  the  particle  is  at  its  ter- 
minal velocity,  then  summing  the  forces  yields, 


f  cV/&a~  "A-)  V<^ 


(14) 


Letting  A  7^=  g  (  P        .  ~/^fi    \a*    tnen  etluation   (14)    reduces    to 


M  ^L        t 


-  ZT  J  d5) 


00 

which  is  the  famous  Stokes'  number 
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C.  W.  Oseen,  in  a  paper  published  in  1910,  improved  on  the  above  by 
taking  the  inertia  terms  of  the  Navier-Stokes  equations  partly  into  ac- 
count [2],   By  doing  so,  the  resultant  drag  coefficient  became: 

2^ 


C-D^foO+itRe)  •  (16) 


Comparison  of  (16)  with  experimental  data  shows  favorable  correlation 
up  to  a  Reynolds  number  of  about  5. 

In  recent  years,  other  investigators  have  formulated  other  solutions, 
however,  their  main  contributions  have  not  necessarily  been  to  engine- 
ering but  more  to  mathematical  prowess.   Kaplun  [5]  based  his  on  an 
asymptotic  solution  of  a  series  expansion  of  the  Navier-Stokes  equations. 
The  results  are  generally  restricted  to  two-dimensional  bodies  with 
equivalent  Reynolds  numbers  less  than  one.   Sir  Horace  Lamb  [6]  also 
presented  a  solution  applicable  to  this  range.   He  followed  the  basic 
ideas  of  Oseen,  however,  where  Oseen  used  a  sphere,  Lamb  used  a  circular 
cylinder. 

B.    REYNOLDS  NUMBER  BETWEEN  THREE  AND  FORTY 

In  this  Reynolds  number  region,  the  boundary  layer  is  still  laminar, 
however,  separation  occurs  causing  the  formation  of  two  vortex  cores  in  the 
wake  of  the  cylinder  as  indicated  in  Figure  3.   This  region  is  sometimes 
referred  to  as  the  "Twin-Vortex  Stage."  A  great  deal  of  experimental  evi- 
dence indicates  that  the  cores  are  generally  stable  in  this  region  pro- 
vided that  no  external  excitation  occurs.   It  is  in  this  region  also 
that  the  greatest  successes  have  occurred  with  the  "exact"  solution  of 
the  Navier-Stokes  equations.   Remembering  that,  above  a  Reynolds  number  of 
about  one,  the  inertia  forces  are  too  large  to  neglect,  the  phenomenon 
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requires  the  solution  of  the  full  Navier-Stokes  equations.    This  is  most 
readily  Hone  through  the  use  of  either  the  forward  or  backward  finite 
difference  techniques.   Until  recently,  without  the  advent  of  the  digital 
computer,  these  methods  have  been  difficult  to  employ.   Thorn  [7]  in  1933 
used  a  relaxation  method  of  hand  calculation  to  produce  the  streamline 
pattern  shown  in  Figure  4  at  a  Reynolds  number  of  20. 

It  is  true  that  the  relaxation  method  can  be  programmed  for  a  digi- 
tal computer  and  made  to  converge  to  any  realistic  degree  of  accuracy, 
however,  it  is  also  true  that  computation  time  increases  rapidly  for  a 
slight  increase  in  desired  accuracy.   Thus  this  method  is  not  considered 
the  most  desirable.   The  Gauss-Siedel  iteration  method  is  somewhat 
different  in  procedure,  but  can  require  the  same  amount  of  computer 
time  for  solution.   It  should  be  noted  that  both  of  these  methods  can 
be  modified  if  done  by  hand  since  one  can  make  shortcuts  that  are  diffi- 
cult to  program  for  the  computer.   Even  so,  the  digital  computer  reduces 
the  time  required  from  " about  one  year  and  a  half  with  twenty  work- 
ing hours  every  week,  with  a  considerable  amount  of  labour  and  endurance 

"[8]  to  a  total  computation  time  of  about  three  to  five  hours. 

Even  this  could  probably  be  reduced  by  streamlining  the  iterative  proce- 
dures.  Robertson  [1,  p.  366]  summarizes  these  methods  quite  well. 

Though  these  analytical  methods  produce  interesting  flow  patterns, 
their  primary  reason  for  use  is  to  give  needed  information  about  sepa- 
rated flow.   Unfortunately,  they  do  not  appear  to  explain  the  mechanism 
of  separation  or  more  importantly  the  feedback  aspects  of  the  wake  on 


Body  forces,  f.,  are  usually  neglected  in  these  solutions  since 
their  presence  adds  nothing  to  the  understanding  of  the  problem  and  in 
general  add  unwanted  complications  to  the  mathematics. 
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the  vortex  generation  in  the  boundary  layer.   The  experimental  and  ana- 
lytical work  does  yield  approximate  Reynolds  numbers  for  the  beginnings 
of  separation  and  the  formation  of  the  Karman  vortex  street;  about  5  and 
40  respectively.   From  an  analytical  standpoint,  the  mesh  size  of  the 
finite  difference  grid  and  the  method  of  defining  the  conditions  along 
the  outside  grid  points   can  affect  the  resultant  separation  and  wake. 
Experimentally,  just  the  placement  of  the  confining  walls  of  the  ap- 
paratus used  for  testing  can  increase  the  Reynolds  number,  at  which  the 
wake  becomes  unstable,  by  more  than  300  percent  [9].   It  should  be  noted 
here  that  although  the  wake  is  generally  considered  to  be  stable  for 
steady  flows  in  the  Reynolds  number  range  under  discussion,  it  can  be 
made  unstable  both  theoretically  and  experimentally  under  artificial 
excitation.   The  ease  with  which  this  can  be  done,  of  course,  increases 
as  Re  approaches  the  range  of  instability,  making  exact  determination 
of  the  Reynolds  number  at  which  the  vortex  shedding  begins  very  diffi- 
cult.  This  same  idea  holds  true  for  the  determination  of  the  separation 
Reynolds  number.   In  both  cases  there  appears  to  be  some  experimental 
evidence  to  indicate  that  the  Reynolds  number  is  not  the  exact  similarity 
parameter  that  should  be  used  in  comparing  results;  the  reasons  for  this 
are  not  entirely  known.   It  is  the  belief  of  the  author,  however,  that 
these  disparities  in  results  are  probably  due  to  variance  in  technique 
rather  than  to  any  fault  of  the  parameter.   It  is  recognized  that  in 
actuality  there  may  be  a  three-dimensional  effect  that  has  not  been  taken 
into  consideration  theoretically  or  experimentally.   Herein  may  be  much  of 
the  reason  for  the  differences  in  experimental  results. 


Requiring  that  the  velocity  on  the  surface  of  the  cylinder  be 
zero  provides  the  boundary  condition  for  the  grid  points  on  the 
cylinder  surface. 
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Figure  5.   Beginning*  of  Vertex  Street,  Re  ^  40 


Figure  6.   Kern**  Vertex  Street  Indicating  Cyclic 
•Kedding  Vertex  Core*,  80  <  Re  <  300. 
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C.    REYNOLDS  NUMBER  BETWEEN  FORTY  AND  THREE  HUNDRED 

The  primary  phenomenon  represented  in  this  region  is  the  Karman 
vortex  street;  from  the  condition  of  an  almost  stable  wake  with  slow 
viscous  decay  to  the  ultimate  condition  of  cyclic  detachment  of  vortex 
cores.   Figures  5  and  6  indicate  the  flow  patterns  at  these  two  "ex- 
tremes." This  region  is  also  characterized  by  a  smooth  decrease  in  drag 
coefficient  and  an  almost  linear  increase  of  Strouhal  number,  S. 

Though  study  in  this  region  has  not  produced  any  startling  insight 
into  the  mechanism  of  separation,  it  has  provided  much  information  about 
vortex  streets.   Basically,  it  has  been  found  that  given  two  parallel 
vortex  sheets  separated  by  some  initial  distance,  a  solid  body  need  not 
be  present  for  a  vortex  street  to  develop  [10].   The  creation  of  these 
sheets  is  of  course  dependent  on  the  viscous  boundary  layer  effects 
caused  by  the  presence  of  the  solid  body. 

Due  to  the  oscillatory  nature  of  the  vortex  core  separation  into 
the  wake,  there  is  a  cyclic  shift  in  the  separation  points  of  the 
boundary  layers  on  either  side  of  the  cylinder.   This  action  is  evidence 
of  the  strong  "feedback"  effect  that  the  wake  conditions  have  on  the 
boundary  layer  in  this  Reynolds  number  region.   This  condition  exists 
during  the  so-called  steady  state  period  after  the  various  parameters 
such  as  drag  coefficient,  Strouhal  number,  etc.,  have  settled  to  fairly 
constant  values.   In  impulsively  started  flow  situations,  the  flow  pat- 
terns above  and  below  the  cylinder  are  basically  mirror  images  of  each 
other.   The  mechanism  that  causes  eventual  asymmetry  is  not  clearly 
understood.   In  recent  years,  with  the  help  of  the  digital  computer, 
this  asymmetry  has  been  generated  in  finite  difference  solutions  by  the 
artificial  insemination  of  small  amounts  of  extra  vorticity  into  one  of 
the  boundary  layer  separation  regions,  once  the  twin  core  pattern  was 
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fairlv  well  developed.   Using  this  method,  Fromm  and  Harlow  [11]  were 
ahte  to  duplicate  the  flow  patterns  around  rectangular  cylinders  at 
these  intermediate  Reynolds  numbers.   At  the  lower  numbers  the  system 
"absorbed"  the  extra  vorticity  with  only  minor  disturbances  to  the  wake, 
while  at  higher  Reynolds  numbers,  the  vortex  cores  separated  cyclicly  to 
form  a  vortex  street. 

Though  the  details  of  solution  of  the  Navier-Stokes  equations  varies 
with  the  investigator,  the  same  general  procedures  are  used  by  all.   The 
following  is  an  attempt  to  clarify  the  salient  points  involved,  but 
first,  the  reason  for  using  these  equations  should  be  reiterated. 
Through  this  Reynolds  number  region,  there  appears  to  be  a  balance  of 
sorts  between  the  viscous  and  inertia  forces,  or  effects,  which  implies 
that  neither  can  be  neglected  or  ignored.   In  the  potential  model  that 
will  be  discussed  later,  the  viscous  forces  are  neglected  from  a  drag 
standpoint.   In  the  Stokes  solution  for  Re  ^  1,  the  inertia  forces  were 
neglected  with  no  apparent  loss  of  practical  accuracy.   This  region  then 
appears  to  be  nature's  transition  region  from  one  extreme  to  the  next, 
and  therefore  the  complete  governing  equations  must  be  used. 

The  method,  in  general,  is  as  follows;  dropping  the  body  force 
term  from  equation  (4),  and  expanding  to  the  two-dimensional  case, 
there  results: 

h.  +  xi^i.  v$u  +  ±  i£  =  Y/£*  +  i2L\     (17) 


and, 


it       o>x         ^  ^ />  *>x        757      r*l 
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Eliminating  pressure  by  cross-differentiation  and  subtraction,  one  has: 


c?^  J        ^  Lix       ^ 


(19) 


^     Jxhx       ty]  tyL*K        ty 


17 


The  vorticity  vector  is  defined  as 


^  "  ^/>  f>,* 


(20) 


which  means  that  since  only  two  dimensions  are  involved,  vorticity 
exists  only  parallel  to  the  Z-axis.   Therefore,  letting 


=>~  ^3  "   <^X     c>£L 


(21) 


and  substituting  back  into  equation  (19),  one  has 


or    finally, 


-Tf£A+tl 


(22) 


u,  v,  and  P  must  be  assumed  continuous  functions  of  x,  y,  and  t. 
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The  system  of  equations  needed  becomes  complete  by  introducing 
the  stream  function  relationship, 

^.  -—£(/>  ,  (8)  Repeat 

into  the  continuity  equation,  9-/,/     ~   0*   F°r  tne  irrotational  case, 
this  would  result  with  the  Laplacian  of  the  stream  function  equal  to 
zero.   However,  there  is  rotation  present  and  this  introduction  must  be 
handled  differently.   By  adding  ^   to  both  sides  of  the  continuity 
equation,  one  obtains 

i^  +  ^+_^V_iA-iY_^=   Y   -  (23) 

$x       ty       o)X    <^        ()x        <)y        3 

The   rearranging   of   the    left   side   produces; 

jLfu+vl-h    >[V-U-J=      ^      .  (24) 

Now  substituting  for  u  and  v  the  appropriate  expanded  relation  from 

equation  (8),  i.e.,   u  =  — *-         and  v  =  -  -: ,  and  then  performing 

the  partial  differentiation  as  indicated  in  front  of  each  bracket,  the 
equation  becomes: 


This  of  course  reduces  to  a  form  of  Poisson's  equation, 


^JLj-^1  --X 


k2     ^ 


(25) 


Equation  (22),  when  written  in  terms  of  y     an(*  S  reduces  to 

&+\w  ±i-yt^i-  ^[li+lLl  (26) 

H     L^y  dx      ax    ^J-  '  L^+^J*  (26) 
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which  is  somewhat  easier  to  program  since  the  necessity  of  finding  the 
velocity  gradients  has  been  eliminated.   If  desired,  these  could  be 
found  from  the  other  forms  of  the  equations  given  above.   As  before, 
the  assumption  concerning  continuous  functions  noted  in  footnote  7  still 
applies . 

The  specific  finite  difference  formulas  used  to  convert  equations 
(25)  and  (26)  into  a  numerically  solvable  system  depends  basically  on 
the  largest  allowable  truncation  error  and  on  the  mesh  size  of  the  grid 
points.   Crandall  [12]  discusses  quite  thoroughly  all  the  aspects  in- 
volved for  both  these  considerations.   It  is  sufficient  to  say  that 
greater  accuracy  requires  less  truncation  error  and  a  finer  mesh  size. 
Generally,  since  finer  mesh  sizes  require  larger  computer  storage  cap- 
abilities, they  are  used  only  in  the  areas  of  the  flow  field  where  large 
gradients  are  expected. 

There  are  in  general  two  basic  methods  of  solving  this  system  of 
equations.   The  one  most  widely  used,  until  recently,  has  been  of  an 
iterative  nature  such  as  the  relaxation  or  Gauss-Siedel  methods;  or 
modifications  thereto.   The  primary  concern  here  is  that  of  convergence 
and  stability  of  solution.   The  Gauss-Siedel  method  is  adversely  sus- 
ceptible to  both  of  these  while  the  relaxation  method  generally  does 
not  have  a  stability  problem,  but  can  require  an  abnormally  large  number 
of  iterations  before  some  degree  of  convergence  is  attained.   These 
methods  are  however,  fairly  simple  to  program.   With  the  advent  of  the 
digital  computer,  more  sophisticated  numerical  methods  can  be  used  to 
solve  the  system  of  equations  explicitly  using  matrices.   Methods  such 
as  Gaussian  elimination  with  back  substitution  can  produce  a  very  ac- 
curate inverse  for  a  matrix  that  is  not  singular,  and  a  properly 
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constituted  matrix  representing  a  physical  system  should  not  be  singular. 
For  large  systems  of  equations,  the  coefficient  matrix  can  be  reduced  to  a 
triangular  form  through  the  use  of  a  sequence  of  linear  operations.   The 
inverse  of  this  reduced  matrix  is  then  used  rather  than  the  inverse  of 
the  complete  system. 

Besides  Fromm  and  Harlow  [11]  several  other  investigators  have 
studied  this  Reynolds  number  region  using  modifications  of  the  above 
procedures.   Most  numerical  solutions  have  involved  rectangular  cylinders 
due  to  the  ease  with  which  Cartesian  coordinate  finite  difference  equa- 
tions can  be  applied.   Thompson  [13]  used  a  Gauss-Seidel  method  but 
appears  to  have  assured  convergence  through  the  use  of  an  "acceleration 
parameter"  which  is  determined  from  a  consideration  of  the  eigenvalues 
of  the  matrices  involved.   His  results  compare  favorably  with  experi- 
mental data,  however,  some  of  his  computer  runs  required  as  much  as  nine 
hours  on  an  IBM  360/40.   This  could  have  serious  implications  as  far  as 
accuracy  is  concerned,  since  each  time  step  must  adequately  converge  be- 
fore the  conditions  for  the  next  time  step  can  be  calculated.   If  con- 
vergence presents  no  problem,  then  there  is  another  important  result  of 
his  work  that  should  be  mentioned:   no  artificial  introduction  of  vorti- 
city  is  reauired  to  cause  the  eventual  formation  of  the  vortex  street. 

Wang  [14]  used  cylindrical  polar  coordinates  in  a  matched  asympto- 
tic expansion  solution  of  the  Navier-Stokes  equations.   Though  the 
results  offer  no  new  insight,  the  method  is  indicative  of  the  mathe- 
matical attempts  being  made.   Ingham's  paper  [15]  offers  constructive 
criticism  of  Payne's  method  of  finite  difference  solution  [16],  and  is 
indicative  of  the  pitfalls  waiting  for  the  unwary.   Ingham's  examples 
of  variation  of  calculated  C   for  different  mesh  sizes  at  the  same 
Reynolds  numer  is  quite  dramatic. 
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Figure  8.   Experimental  and  Computed  Preaaure 
Coefficient  mnd   Computed  Surface 
Vorticity  (5  )  at  Low  Reynolds  Number* 

A  Computed  Cp,  Apelt,  Re  *  40 

B  Cawputed  Cp,  Kawaguti,  Re  ■  40 

C  Computed  S  ,  Apelt,  Re  -  40 

D  Experimental,  Liaka,  Re  ■  2800 

E  Computed  Cp.  Potantial  Flow  Theorv 
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The  pertinent  experimental  and  analytical  data  derived  by  investi- 
gators in  this  Reynolds  number  range  are  shown  in  Figures  7  and  8. 

Important  contributors  of  this  information  include  Taneda  [17],  Tritton 

[18],  Roshko  [19],  Rosenhead  [20],  Wille  [21],  and  Ape  It  [22];  besides 

those  previously  mentioned. 

D.    REYNOLDS  NUMBER  BETWEEN  THREE  HUNDRED  AND  CRITICAL 

This  subcritical  region  is  in  general  characterized  by  a  relatively 
constant  mean  drag  coefficient  and  a  progressive  loss  in  the  distinct 
visualization  of  the  Karman  street.   As  the  Reynolds  number  increases 
there  appears  to  be  less  "feedback"  effect  of  the  wake  on  the  separating 
boundary  layers  which  are  still  laminar.   The  Strouhal  number  has  a 
tendency  to  decrease  slightly  with  an  increase  of  Re.   It  is  in  this 
region  that  the  potential  flow  point  vortex  model  of  the  feeding  sheet 
appears  to  have  the  best  possibility  of  providing  information  since  the 
inertia  forces  are  so  much  larger  than  the  viscous  forces.   The  use  of 
the  finite  difference  Navier-Stokes  equations  to  provide  a  solution 
seems  to  break  down  due  to  the  increased  turbulence  in  the  wake.   Al- 
though a  much  finer  mesh  size  might  alleviate  this  problem,  the  fact 
that  the  equations  now  being  used  do  not  provide  for  velocity  perturba- 
tion is  probably  the  more  basic  reason.   There  appears  to  be  no  argu- 
ment that  the  equations  are  applicable  for  use  in  describing  the  boundary 
layer  on  the  front  part  of  the  cylinder  almost  up  to  the  critical  Re  of 
about  5  x  10  .   As  the  Reynolds  number  increases  from  the  low  end  of 
this  region,  the  boundary  layer  effects  appear  to  feed  vorticity  into 
the  wake  at  an  ever  increasing  rate  causing  the  wake  to  become  extremely 
turbulent.   As  this  occurs,  the  well  ordered  vortex  core  regions  of  the 
Karman  street  essentially  disappear.   Although  the  Strouhal  number  can 
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still  be  measured,  the  dominant  periodicity  seen  in  the  lower  Reynolds 
number  wake  flows  all  but  disappears.   Experimental  studies  using  turbu- 
lent flow  measuring  techniques  have  confirmed  the  increasing  turbulence 
with  increasing  Reynolds  number.   Ironically,  the  feedback  problem  di- 
minishes, but  the  problem  of  transition  from  laminar  to  turbulent  flow 
conditions  becomes  more  important.   The  understanding  of  the  latter 
problem  is  even  less  than  that  of  the  former.   The  end  result  is  that 
the  applicability  of  the  laminar  Navier-Stokes  equations  decreases  with 
increasing  Re. 

In  the  "critical"  Reynolds  number  region,  loosely  defined  as  2  x  10 
<  Re  K.   10  ,  there  is  a  sharp  decrease  in  the  mean  C   down  to  about 

o 

0.3.   According  to  Schlichting  [2,  p.  39],  this  is  due  to  the  following 
reason:   when  the  total  drag  on  any  body  is  primarily  form  drag,  the 
transition  from  a  laminar  to  a  turbulent  boundary  layer  causes  a  decrease 
in  the  size  of  the  wake  and  results  in  a  decrease  in  drag.   This  can  be 
interpreted  as  saying  that  the  drop  in  C  is  a  boundary  layer  phenomenon, 
though  it  does  not  quite  explain  the  entire  mechanism.   After  this  transi- 
tion occurs,  C  increases  to  a  value  slightly  lower  than  that  before 
transition.   There  is  also  a  return  of  a  distinct  vortex  street.   This 
time  however,  the  "vortex  cores"  are  highly  turbulent  internally.  As 
the  Reynolds  number  increases  beyond  this  region,  compressibility  ef- 
fects become  greater,  further  complicating  the  problem.   Depending  on 
the  fluid,  very  high  Reynolds  numbers  can  bring  on  the  added,  sometimes 
predominant,  problem  of  cavitation. 


o 

This  is  true  for  a  hydraulically  smooth  cylinder.   The  roughness 
of  the  cylinder  surface  can  have  a  major  effect  on  this  minimum  mean 
drag  and  the  Reynolds  number  at  which  transition  occurs.   See  [2, 
p.  621]. 
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Experimental  studies  of  the  pressure  distribution  on  the  cylinder's 
surface  have  yielded  some  valuable  information  necessary  for  future 
analytical  postulation.   The  pressure  coefficient,  defined  as 

C    =    ^-f  (27) 

is  an  excellent  parameter  for  theoretical  and  experimental  comparison 
particularly  for  creeping  motions  (Re  <  1) ,  and  at  Reynolds  numbers  where 
the  boundary  layer  separation  points  maintain  fairly  constant  positions. 
At  very  low  Reynolds  numbers,  the  comparison  is  quite  good  especially  on 
forward  part  of  the  cylinder,  between  points  A  and  B  in  Figure  1.   Be- 
tween points  B  and  C,  the  actual  pressure  decreases  somewhat  since  energy 
is  expended  in  the  boundary  layer;  i.e.,  not  all  the  kinetic  energy 
acquired  from  A  to  B  is  recovered  as  potential  energy  as  the  fluid  de- 
celerates toward  C.   In  Potential  Flow  Theory,  points  A  and  C  are  of 
course  stagnation  points,  and  whereas  the  pressure  at  A  can  be  well  ap- 
proximated by  this  theory  over  the  entire  Reynolds  number  range,  the 
pressure  at  point  C  cannot  as  indicated  in  Figure  9.   Note  how  curve  D, 
found  for  a  Reynolds  number  above  the  critical,  more  nearly  approxi- 
mates curve  F  (potential  flow).   Photographs  of  the  wake  pattern  pro- 
duced for  this  post-critical  Reynolds  number  shows  a  narrow  wake  with 
the  rest  of  the  flow  field  similar  in  appearance  to  that  of  an  ideal 
fluid.   Note  also  that  after  the  boundary  layer  has  separated,  C  as- 
sumes a  nearly  constant  value,  not  the  same  for  all  Reynolds  numbers 
however. 

Though  information  about  the  Strouhal  number  is  still  incomplete 
above  Re  ^  10  ,  there  is  an  interesting  similarity  between  the  inverse 
of  this  parameter  and  C  .   The  curves  for  the  two  values,  plotted  over 
the  whole  range  of  Re  from  the  beginning  of  core  shedding  through  the 
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critical  region,  are  very  similar  in  shape.   In  fact,  the  similarity  is 

so  good  that  the  drag  coefficient  could  be  written  as 

C  =  7-1.4 
D    S 

with  the  resulting  value  having  an  accuracy  within  about  15  percent. 
The  explanation  for  this  result  is  not  complete,  however,  the  point  here 
is  that  there  is  apparently  a  strong  conceptual  connection  between  core 
shedding  frequency  and  drag.   It  is  interesting  to  also  note  that  through 
the  region  of  nearly  constant  drag,  not  only  is  1/S  fairly  constant,  but 
that  the  oscillations  of  the  boundary  layer  separation  points  are  gen- 
erally quite  small  in  amplitude. 

Investigators  have  attempted  several  approaches  in  the  search  for 
an  analytic  solution  in  this  region  and  there  have  been  some  notable 
successes.   Each  approach,  however,  involves  the  use  of  at  least  one 
experimentally  determined  or  arbitrarily  selected  parameter. 

The  free-streamline  theory  developed  by  Kirchoff,  idealizes  the 
free  shear  layers  that  separate  from  the  cylinder  by  considering  them  to 
be  surfaces  of  velocity  discontinuity;  hence  a  free  streamline.   This 
supposition  works  quite  well  for  liquid  jets  discharging  into  a  gas, 
however,  for  cylinder  wakes,  because  of  the  assumption  that  the  pressure 
in  the  wake  is  the  same  as  the  free  stream  pressure,  the  resultant  cal- 
culated drag  coefficients  are  much  lower  than  those  experimentally  observed 
The  agreement  can  be  greatly  enhanced  by  the  introduction  of  an  arbitrar- 
ily selected  parameter  usually  symbolized  by  K.   This  parameter  is  con- 
cerned with  the  depth  of  discontinuity   (notch)   in  the  logarithmic 

9 
hodograph  plane,   and  is  therefore  concerned  with  the  ratio  between  the 


9 
In  this  plane,  the  two-dimensional  physical  flow  is  represented  by 

straight  lines  parallel  to  the  two  coordinate  axes,  and  is  the  result  of 

conformal  mapping.   See  [1,  p.  351]. 
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free  stream-line  velocity  and  the  free  stream  velocity.   For  very  high 
Reynolds  number  flows,  where  cavitation  exists,  K  is  fixed  by  the  cavi- 
tation index,  C   .   Fairly  good  agreement  between  experiment  and  theory 
exists  in  this  case,  particularly  with  respect  to  cavity  flows. 

Dennis  and  Shimshoni  [26]  have  probably  been  two  of  the  more  suc- 
cessful investigators  in  analytically  deriving  the  mean  drag  coefficient 
over  the  entire  laminar  boundary  layer  Reynolds  number  range.   Their  solu- 
tion involves  series  expansions   of  the  Navier-Stokes  equations,  set  up 
for  finite  difference  evaluations.   At  slow,  creeping  motions,  their 
solution  converges  to  that  of  Stokes  and  Lamb,  but  at  Reynolds  numbers 
above  about  1.5,  the  values  of  C  are  about  5  to  20  percent  higher. 
They  allow  no  asymmetry  of  vortex  shedding.   The  mesh  size  they  use  ap- 
pears to  be  much  smaller  than  that  of  other  attempts. 

As  noted  earlier  in  the  discussion,  this  Reynolds  number  region  is 
characterized  by  the  predominance  of  inertia  forces  over  viscous  forces. 
Also  noted  was  that  this  leads  to  the  possibility  of  using  point  con- 
centrated, potential  flow  vortices  to  represent  the  shear  layers  or 
feeding  sheets.   Among  those  who  have  worked  with  this  approach, 
Sarpkaya  [35],  Bryson  [29], and  Gerrard  [25]  have  made  some  notable 
strides.   The  description  of  the  work  of  the  first  two  will  be  left  to 
Section  III,  since  it  is  basically  with  their  ideas  that  the  author 
worked.   Gerrard' s  work,  though  similiar  in  mathematical  approach  to 
the  others,  appears  to  indicate  a  greater  concern  for  wake  characteris- 
tics than  for  finding  solutions  to  the  basic  separation  problem. 


Similar  to  Oseen  and  Lamb. 
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Besides  the  basic  points  covered  here,  there  is  a  great  wealth 
of  experimental  information  on  the  more  detailed  aspects  of  the  sub- 
ject that  should  be  covered  by  any  reader  desiring  to  proceed  further 
with  the  investigation.   Toward  this  end,  the  author  has  attempted  to 
compile  the  more  notable  of  these  in  the  List  of  References.   Although 
some  references  have  not  been  mentioned  specifically  herein  thus  far, 
this  is  not  intended  to  mean  they  are  of  lesser  value. 
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III.   TWO  ANALYTIC  MODELS 

A .    INTRODUCTION 

In  the  previous  two  sections,  the  discussion  has  centered  on  those 
few  basic  known  facts  and  some  of  the  many  problems  involved  in  this 
study.   This  section  will  present,  in  detail,  two  different  analytic 
models,  based  on  Potential  Flow  Theory,  which  are  theoretically  ap- 
plicable to  the  relatively  higher  Reynolds  region  discussed  in  Section 
II  (D). 

The  first  model,  called  Model  A  hereafter,  is  conceptually  more  en- 
lightening than  the  second;  hence  the  reason  for  its  presentation  first. 
It  is  basically  derived  from  Bryson's  [29]  model,  but  where  his  model 
was  limited  to  the  growth  of  axisymmetric  vortex  cores,  the  equations  for 
Model  A  are  recast  to  allow  "forced"  asymmetry  to  be  included  into  the 
solution.   To  the  author's  knowledge,  this  is  the  first  time  this  has 
been  done.   This  method,  like  almost  all  the  others,  has  no  provision  in- 
cluded in  the  governing  equations  for  "natural"  asymmetry.   Thus  if  asym- 
metry is  to  be  studied,  its  beginnings  must  be  forced.   In  brief  terms 
then,  the  basis  of  this  model  is  that  large  vortex  cores  are  fed  vorti- 
city  through  an  infinitely  narrow  feeding  sheet,  or  shear  layer,  con- 
necting the  center  of  the  core  with  assumed  stagnation  points  on  the 
cylinder's  surface. 

In  the  second  model,  Model  B,  the  shear  layers  are  represented  by 
a  string  of  small  strength  vortices,  called  a  vortex  sheet;  see  [1,  p. 
111].   The  equations  for  this  model  were  also  derived  and  programmed  to 
allow  forced  asymmetry.   Whereas  Model  A  represents  a  continuously  fed 
large  vortex  core,  this  one  creates  numerous  small  vortices  which  are 
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allowed  to  roll-up,  coalesce  and/or  cancel  at  will.   There  are  four  birth 
areas  in  this  model,  two  for  the  primary  vortices,  and  two  for  the  sec- 
ondary vortices.    This  arrangement  is  a  modification  of  Sarpkaya's 
model  [35]  in  which  there  are  only  two  axisymmetric  birth  areas.   Com- 
parison between  the  two  will  be  left  until  later  in  this  section. 


B.    BASIC  POTENTIAL  FLOW  EQUATIONS 

The  basic  general  equations  used  in  both  models  will  be  presented 
in  this  subsection.   The  actual  application  will  be  left  to  the  dis- 
cussion of  that  particular  model.   It  is  not  felt  that  the  history  be- 
hind these  equations  is  relevant  to  this  thesis  since  the  interested 
reader  can  refer  to  Sarpkaya  [36]  for  this  information. 

As  mentioned  earlier,  in  Section  I,  a  two-dimensional  flow  system 
can  be  represented  mathematically  by  equations  written  in  complex  vari- 
ables.  Since  the  mathematical  development  of  this  representation  is 
quite  lengthy,  the  following  is  only  a  brief  part  of  what  can  be  found 
in  many  reference  books  and  papers  on  hydrodynamics.   To  start  with, 
it  is  well  to  review  the  basic  assumptions.   First,  the  fluid  is  con- 
sidered inviscid.   This  implies  that  there  are  no  viscous  forces  pre- 
sent and  therefore  that  the  models  derived  should  be  applicable  to  the 
higher  laminar  Reynolds  number  range.   Secondly,  since  this  aforemen- 
tioned Reynolds  number  range  is  generally  devoid  of  compressibility  ef- 
fects, -J  will  be  assumed  constant.   The  usual  "steady  flow"  assumption 


Vorticity  is  shed  from  the  cylinder  in  the  regions  of  boundary 
layer  separation.   These  regions  are  associated  with  the  "primary" 
boundary  layers  on  the  cylinder's  upstream  side  and  the  "secondary" 
lavers  due  to  fluid  back-flow  on  the  downstream  side.   Since  vorticity 
is  created  in  these  regions,  they  are  called  "birth"  areas,  and  the 
small  strength  vortices  created  are  called  "nascent"  vortices. 
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will  not  be  made,  because  all  the  flow  characteristics  appear  to  be 
dependent  on  the  manner  in  which  the  boundary  layer  generates  vorticity 
and  on  the  manner  in  which  it  diffuses  into  the  wake.   The  key  problem 
then  is  the  formulation  of  a  method  by  which  vorticity  can  be  generated 
in  a  supposedly  inviscid  fluid.   This  is  in  direct  violation  of  Kelvin's 
theorem  for  inviscid  fluids  which  says  that  vorticity  once  created,  can- 
not be  destroyed,  and  if  not  already  existing,  cannot  be  created.   In 
order  to  overcome  this,  boundary  layer  information  must  be  taken  into 
consideration. 

From  basic  considerations  of  hydrodynamics,  an  undefined  number  of 
vortices  outside  the  boundaries  of  a  circular  cylinder,  suspended  in  a 
uniform  flow  field  as  in  Figure  10,  can  be  represented  by 

L  Tl-I 

N  2-1  <28> 

There  are  no  symmetry  restrictions  on  this  equation.   The  normally  ex- 

12 
eluded  terms  have  been  left  out.    Next  it  can  be  shown  that  for  a 

general  location   z  ,  on  or  outside  the  cylinder,  the  fluid  velocity  is 
given  by: 

dw&_  _,. ,  ,.;,  _Tr  /c2  s .  ^  f£  «.      c     ,«.    ,  (29) 


dz 


12„„_ 

These  are  the  terms  that  are  excluded  by  virtue  of  the  condition 

that  the  vortices  shed  from  the  cylinder  leave  a  circulation  opposite 

to  their  own  on  the  cylinder.   See  [38,  p.  364]. 
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Figure  10.   Circular  Cylinder  in  the  Presence 
of  Numerous  Vortices  and  a  Uniform 
Flow  Field. 
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Now  that  if   Z=Z  ,  the  velocity  goes  to  infinity.   This  is  to  be  ex- 
n 

pected  since  the  velocity  at  the  center  of  an  ideal,  inviscid  vortex 
is  equal  to  infinity.   This  same  equation  can,  however,  be  used  to 
find  the  absolute  velocity  of  the  vortex  with  respect  to  cylinder,  here- 
after called  the  convective  vortex  velocity,  by  letting  Z=Z  and  dis- 

n 

regarding  the  term  that  goes  to  infinity.   This  is  due  to  the  fact  that 
the  motion  of  a  vortex  is  governed  not  by  its  own  internal  velocity  dis- 
tribution, but  by  the  forces  induced  upon  it  by  other  entities  in  the 
flow  field.   See  [1,  p.  124]. 

Next,  the  drag  and  lift  forces  on  a  body  can  be  calculated  from  the 
generalized  Blasius'  therorem, 


5^5  -  ¥{(&<**  +Hjw{z)dz  ■   (30) 


Writing 


equation  (30)  can  be  broken  down  into  its  so  called  "steady  state" 
part, 


W- ¥$(%&)<>*• 


(32) 

*  j  (  d  z  y  ~  "    ' 

and    the    time   dependent   part, 

Xz+^y£   -A./>^$>\Ntod2.    -  (33) 

The  steady  part,  using  equation  (29),  can  be  evaluated  [35]  such  that: 

N 

71-1 
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The  evaluation  of  equation  (33)  must  wait  until  the  discussion  of  the 
individual  models  since  it  involves  some  assumptions  as  far  as  the 
method  by  which  /   is  to  vary  over  the  feeding  zones.   To  continue, 
non-dimensionalizing  can  easily  be  done  by  referring  all  the  length, 
velocity  and  time  quantities  to  U   and  c;  or  for  example, 

-x. 

21  +  jl  v  -  z£  (v/+u.  v;  , 


vc 


and , 


(35) 


Substituting  equations  (35)  into  (29);  letting  U    =  1.0;  c  =  1.0, 
and  dropping  the  primes  for  the  sake  of  simplicity,  this  becomes; 

(36) 


7 


VL 


Up  to  this  point  a  discussion  of  image  vortices  has  not  been 
necessary,  however,  certain  relations  will  be  needed  for  future  de- 
velopment of  equation  (33)  in  succeeding  subsections.   It  can  be  shown 
by  interpretation  of  Mi lne -Thompson ' s  circle  theorem  [38,  p.  157],  or 
by  using  the  method  of  images  [38,  p.  220],  that  the  second  summation 
in  equation  (29)  and  consequently  in  (36),  are  in  reality  "image" 

vortices  inside  the  cylinder.   The  location  of  the  image  vortex, 

r2  /   2 

corresponding  to  the  real  vortex  at  Z   is    /~  •      Its  circulation 

n       /  ^n 

is  in  the  opposite  sense  as  compared  to  that  of  its  corresponding  real 
vortex.   Positive  numerical  values  for  circulation  indicate  rotation  in 
the  counterclockwise  direction,  while  negative  numerical  values  indi- 
cate clockwise  rotation.   In  the  derivation  of  the  equations,  the 
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symbol  /   has  no  inherent  sign  and  can  therefore  take  on  positive  or 
negative  values  as  the  situation  warrants. 

Since  there  are  conditions  well  described  in  [38]  that  make  equa- 
tion (36)  not  applicable  to  the  internal  area  of  the  cylinder,  Sarpkaya 
[36]  shows  that  the  velocity  of  the  image  vortices  are  strictly  a  func- 
tion of  the  position  of  the  image  vortex  and  the  corresponding  real 
vortex's  velocity.   By  manipulating  his  expressions,  the  following  equa- 
tion for  the  image  velocity  results: 

lL.,-hA.V.=     2^~z ~  (37) 

To  reiterate,  the  term  whose  denominator  equals  zero  is  disregarded 

when  solving  for  -u   +  iv  . 

n     n 

C.    MODEL  A 

As  previously  mentioned,  this  model  is  primarily  a  modification  to 
Bryson's  solution  [29].   Though  his  solution  appears  to  give  reason- 
able drag  coefficients  during  the  beginning  time  periods  of  an  impul- 
sively started  flow  condition,  once  the  peak  is  reached,  the  drag 
coefficient  drops  off  to  fluctuate  about  zero;  Figure  11.   This  of  course 
is  not  correct  as  Sarpkaya' s  superimposed  experimental  data  [33]  indi- 
cates.  Though  Bryson  stops  his  solution  when  the  vortices  begin  feeding 

13 
circulation  back  to  the  cylinder,    this  in  itself  is  not  enough  to 

produce  a  reasonable  drag  curve.   It  was  hoped  that  by  studying  his 

method,  modified  to  allow  asymmetry,  more  could  be  learned  about  the 


The  condition  occurs  when  Jr,         (to  be  developed  later)  for  a 


13 

given  vortex  changes  sign.   If  the  solution  is  not  stopped  at  this 
point  a  negative  drag  coefficient  results  as  shown  in  Figure  11. 
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effect  of  vortex  core  shedding  on  the  drag  coefficient.   Before  a 
discussion  of  those  results  in  undertaken,  the  equations  must  be 
developed. 

Using  Figure  12  as  the  basis  for  nomenclature  definition,  the 
equation  development  starts  with  the  necessary  modifications  to  equa- 
tion (36).   Though  these  equations  can  be  constructed  to  allow  more 
than  two  vortices,  this  will  not  be  done  at  this  time  in  order  to  show 
a  simplified  version  of  the  technique.  As  will  be  indicated  later,  the 
full  equations  are  obtained  by  the  simple  addition  of  a  summation  term 

to  each  of  the  following  equations.   So,  based  on  two  vortices,  the 

14 
velocity  of  vortex  1,  if  it  were  free,   is  given  by 

and  likewise  for  vortex  2; 


-^'^3-K4A-iT"^-1  (39) 


Next,  the  feeding  aspect  of  the  vortex  cores  is  handled  by  consider- 
ing the  vortex  sheet,  or  feeding  layer,  as  the  combination  of  a  single 
concentrated  vortex,  situated  at  the  center  of  vorticity,  with  a  con- 
necting sheet  to  the  body  of  vanishingly  small  vorticity.   This  sheet 
can  now  be  considered  as  a  mathematical  branch  line  between  Z   and  Z 
for  vortex  1,  and  Z   and  Z   for  vortex  2.   Since  there  is  a  discontinu- 
ity, conceptually,  in  ^  across  these  branch  lines,  there  is  a  velocity 
difference  and  therefore  a  pressure  difference.   This  pressure  difference 


14 

A  free  vortex  is  one  that  is  no  longer  being  fed  circulation. 
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Fi gure    !2.       Model   A,    Indicating  Capability    for 
Asvnmetrv. 
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can  be  shown  ([43]  and  [44])  to  be  equal  to  JQ  I        .   Since  the  dis- 
tances over  which  the  pressure  differences  act  are  ^Z. -Z  )and/Z--Z_j 
for  vortices  1  and  2  respectively,  the  forces  acting  perpendicular  to 
these  sheets  are  given  by  ^pT '(Z  -Z  )  and   JLp   /       (Z  -£  ).   The 
forces  acting  directly  on  the  vortices  is  given,  for  vortex  1,  by 


and  for  vortex  2,  by 


Z'^ 

Thus  to  make  the  net  forces  on  each  sheet  and  its  associated  concen- 
trated vortex  vanish,    the  sum  of  the  respective  forces  must  equal 
zero.   Therefore,  algebraically  summing  each  pressure  force  with  its 
proper  vortex  force,  cancelling  out  i  and  O    ,  and  rearranging  the  terms, 
the  two  expressions  formed  become;  for  vortex  1: 


Z+/Z-2  )H- -4^5)1         . 


(40) 


and  for  vortex  2; 

These  equations  indicate  that  unless  J   is  zero,  the  nth  vortex  does 

not  move  with  the  local  fluid  velocity,  u  +  iv  ,  but  with  an  "attached1' 

n     n 

# 

velocity  of  Z  . 
n 


The  combination  of  vortex  sheet  and  the  concentrated  vortex  in 
a  fluid  medium  has  to  be  force  free  since  no  external  force  is  exerted 
on  the  system. 
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zr  =  Q  JtT  +  7<  Ks  *m  +  Zi  *V  "'*  +Z2ZTr  Ki  *2 

where  the  constants  K  are  defined  by: 


2 
_  (zT-z,)(2T7,-l)  ,,    .  fZT2,-lX 


i-Z,z,  5 


>-?,*, 


2     (?r-Zz)(ZT?z-0  f>     \l-Z,% 


(l-Z,Ze)  [       *T' 


(43) 


^-Mho  ^O-jr) 
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1     T       *■  ^"h 


^>,V02  ^(2,-zf 


^-§pLJ LI      *  =_J 


~m 


A/2"  zir**    zir 


^7     v^cfe*  -2-vj 

?7L 


^*\h-ZZ    )  K&>~  ZTT  K^j7r^K,s 


-2.^2. 


Z^-Z 


*W- 


/-ZgZg 


^Ifjsfe^^l 


* y  ' *  SrUh-zj  WJ 


NOTE:   Since  the  M  vortices  are  unattached,  Z  and  Z  are  calculated 
_         ,    r««\  to      ni 

from  equation  (29) . 


/5s  "3, 


J* 


Since  there  are  more  unknowns  than  there  are  equations,  the  system 
is  still  ill-defined.   Four  more  equations  can  be  gotten  by  imposing 
the  Kutta  condition  at  the  point  from  which  the  vortex  cores  are  fed. 
This  is  done  by  assuming  that  the  fluid  velocity  relative  to  the  cylin- 
der at  these  points  is  zero,  i.e.,  Z  and  Z  are  stagnation  points.   By 

solving  equation  (36)  for  -um  +  ivm  and  for  -u,  +  iv,  ,  then  setting 

T     T  b     b 

these  equations  equal  to  zero  and  rearranging  in  matrix  form,  the  two 
new  equations  become; 


~KiKz 


C)      (".CKy+k) 


2?r 


-My    Kj 


\ 


\ 


Kr 


£J    [«3(K*+sw) 


(42) 


J 


The  Ks  are  the  same  ones  associated  with  equation  (43).   Though  not  in- 
cluded in  equations  (38)  and  (39)  for  the  sake  of  simplicity,  the  above 
equations  include  the  extra  summation  terms,  K.   and  K.Q,  necessary  for 
the  calculation  if  more  than  two  vortex  cores  are  present.   To  give  the 
velocity  equations  (38)  and  (39)  the  same  versatility,  all  that  is  neces' 
sary  is  to  multiply  these  terms  by  i/2/T,  adding  the  first  one  to  right 
hand  side  of  (38)  and  the  second  one  to  (39).   This  has  been  done  in 
the  computer  program  for  this  model. 

The  next  two  equations  are  gotten  by  solving  the  first  equation  of 

* 

(42)  for  /    and  the  second  one  for  /    .   Then  the  time  derivatives,  | 

and  /   ,  are  taken,  assuming  that  Z_  and  Z,  are  constants.   Since  the 
l  T      b 

procedure  is  long  and  involved,  but  quite  straight  forward,  only  the  re- 
sults will  be  presented;  see  equations  (43).   These  equations  also  in- 
clude the  terms  necessary  for  more  than  two  vortex  cores.   There  is  also 
a  provision  made  in  these  equations  for  U    to  be  taken  into  considera- 
tion.   This  quantity  was  set  to  zero  for  the  study  undertaken  in  this 
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thesis,  but  could  be  utilized  in  future  work.   Note  that  the  equation? 


have  been  non-dimensionalized.   This  means  that  U 


oc 


is  also  a  non^ 


dimensionalized  quantity. 


This  now  leaves  three  six  unknowns,  Z,  ,  Z_,  Z. ,  Z  ,  Z  ,  and  Z 

D,   T    1    L  .   J,        I 

in  the  svstem  of  equations  without  a  corresponding  number  of  defining 
equations.   The  latter  two  unknowns  can  be  easily  handled  by  forming 
the  coniugates  of  both  sides  of  (40)  and  (41)  to  yield, 


and 


Z,  +(z,  -  z •■)-  -  -  -nr 


5 


2=2, 


(44) 


dz 


Z1  =  Z  5 


as  mentioned  earlier,  Z   and  Z  are  considered  constants.   This  is  an 

b      T 

assumption  based  on  experimental  observations  at  higher  laminar 

Reynolds  numbers.   The  origins  of  these  feeding  sheets  are  in  realitv 

functions  of  time,  but  their  motions  are  so  small  that  the  assumption 

seems  iustified.   Besides,  to  consider  Z,  and  Z_  anything  but  zero, 

b      T 

would  have  made  the  derivation  of  (43)  at  least  another  order  of  magni- 
tude more  tedious.   This  may,  however,  prove  to  be  a  necessary  future 
sophistication  of  the  model.   As  a  result,  these  two  locations  are 
taken  from  experimental  data  to  be  about  50  degrees  either  side  of  the 
cylinder's  downstream  axis;  i.e.,£  =  50  and  S     ■  -50  degrees. 

No  mention  thus  far  has  been  made  concerning  the  propagation  as- 
pects of  this  solution,  however  since  time  dependent  solutions  generally 
imply  that  starting  and  ending  conditions  are  necessary,  it  is  well  to 
discuss  these  now  with  respect  to  Z.  and  Z  .   With  the  assignment  of 
any  values  to  these  two  parameters,  there  have  been  enough  equations 
derived  and  assumptions  made  to  have  the  proper  balance  between  unknowns 
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and  defining  equations  to  describe  the  system  at  any  given  instant.   Not 
iust  any  value  of  Z  and  Z   is  desirable  however,  since  this  will  not 
give  even  an  approximate  picture  of  core  growth  and  drag  buildup.   Bryson 
[29],  through  certain  mathematical  considerations,  found  that  the  path 
line  of  the  vortex  cores,  as  they  grow  and  move  away  from  the  cylinder, 
is  unique  in  the  sense  that  for  any  given  feeding  sheet  origin,  Z  or  Z  , 
there  can  be  only  one  path,  per  vortex,  followed  as  time  progresses. 
Without  going  into  the  details  of  his  work,  he  also  found  that  the  feed- 
ing points,  like  the  Foppl  curve  points,    are  mathematical  equilibrium 
positions  for  symmetric  vortex  pairs.   On  the  basis  of  these  findings, 
it  is  also  determined  that  cores  can  leave  the  cylinder's  surface  only 
in  a  direction  30  degrees  downstream  from  the  tangent  to  the  cylinder  at 
the  sheet  origin.   Bryson  arbitrarily  selected  the  starting  values  for 
Z   and  Z   as  a  distance  of  0.05c  away  from  the  origins  along  these  re- 
spective preferred  lines  of  departure.   This  practice  was  continued  in 
this  study  even  though  the  model  can  handle  asymmetry  and  more  than  two 
vortex  cores.   It  was  felt  that  these  are  good  assumptions  for  an  in- 
itial study  of  asymmetry. 

Except  for  determining  when  and  how  the  vortex  sheets  are  cut,  there 
are  no  more  assumptions  to  be  made  in  completing  the  solution.   The  pro- 
cedure for  solving  the  previously  developed  equations  and  the  develop- 
ment of  the  (F  +  iF  )  equation  are  not  complicated  and  follow  next. 

I)  Lt 


1  ft 

The  Foppl  curve  is  a  symmetric  curve  about  the  downstream  X-axis 
originating  at  the  rear  stagnation  point,  on  which  a  vortex  pair  can  be 
symmetrically  located  such  that  they  will  maintain  their  positions.   This 
is  much  the  condition  that  exists  at  Reynolds  numbers  below  about  50. 
See  (6,  p.  223]. 
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Equations  (40),  (41),  (43),  and  (44)  can  be  rearranged  and  com- 
bined in  a  straight  forward  manner  for  the  matrix  equation  (45).   Both 
this  matrix  equation  and  equation  (42)  are  solved  using  the  partitioned 
matrix  technique  as  given  in  Fox  [39,  p.  121].   Briefly,  this  involves 
breaking  up  the  basic  matrix  equation  into  its  real  and  imaginary  parts 
and  forming  a  new  equation  whose  matrices  are  twice  the  order  of  the 
original.   To  describe  the  technique,  suppose  the  original  equation  is; 

ere  [A]  is  a  square  matrix  of  order  i,  while  (b|  ,  andjC^  are  col 


wh 


umn 


matrices  with  i  elements  each.   Since  all  the  elements  of  A,  B,  and  C 
are  assumed  to  be  complex,  the  matrices  can  be  written  as; 


[c3  =  {«*}  +i{ci}- 


Substituting  these  expressions  back  into  the  original  equation,  results 


in 


<M +  i!AJ)  ( Kl +  i  [Bi]  >  -  ({cr]  +  *  {cij  >• 

Carrying  out  the  indicated  multiplication,  and  separating  the  real  and 
the  imaginary  parts  of  both  sides,  yields 


and, 


[ai]-br3  +  [arJK]  -  hi} 


These  two  equations  are  combined  to  form  the  new  matrix  equation: 

7    (,    \     (-    -\ 


-N 


''*l/      K 


J 


N{\N 


\. 


(46) 
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Since  there  are  no  imaginary  numbers  involved,  this  equation  is  solved 
by  existing  numerical  methods,  i.e.,  the  inverse  of  the  coefficient  matrix 
premultiplies  the  constant  matrix  to  yield  the  unknown  values  of  i B I   . 
In  the  computer  program  for  this  model,  the  inverse  is  found  using  a 
standard  inversion  subroutine  with  row  pivoting. 

The  propagation  aspect  of  the  solution  is  handled  in  the  program 
through  the  use  of  a  simple  Runga-Kutta  integration  technique  [40,  p. 
232]  by  finding  the  subsequent  vortex  positions,  after  a  /\t   time  step, 
from  equations  (40)  and  (41).   There  are,  of  course,  more  sophisticated 
techniques,  but  in  view  of  the  parameters  assumed,  it  is  felt  that  the 
increased  accuracy  is  not  necessary  at  this  point.   In  fact,  there  is 
not  really  that  much  difference  in  results  if  a  straight  Eulerian  ap- 
proximation is  used. 

The  final  relation  to  be  developed  is  that  for  C  +  iC_ .   This  is 

u  Li 

done  by  completing  the  derivation  of  equation  (30),  or  more  specifically 
by  finding  the  appropriate  solution  for  equation  (33).   For  this  case, 
in  which  the  cores  are  fed  by  a  single  feeding  sheet  originating  at  a 
point,  Sarpkaya,  [33],  and  [35],  has  previously  derived  the  necessary 
equation,  so  the  details  will  not  be  given  here.   The  result,  in  non- 
dimensional  form  and  adapted  to  this  model  is: 


^[C(^-^Q(zri,z)] 


(47) 
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The  image  velocities  for  the  free  and  attached  vortices  are  both   calcu- 
lated, in  a  sense,  using  equation  (37).   However,  where  the  results  of 
equation  (29)  are  used  directly  for  the  vortices,  the  results  of  solving 
matrix  equation  (45)  must  be  used  for  the  attached  vortices.   The  modifi- 
cation to  equation  (37),  used  for  this  purpose  is;  for  the  image  of 
vortex  1,  -7 


z,.  =- 


-3.1  _2 

and  for  that  of  vortex  2,  — . 


(48) 


The  computer  program  written  for  this  model  is  listed  in  its 


entirety  in  the  last  portion  of  this  thesis.   It  is  written  in  FORTRAN 
IV  as  applied  to  the  IBM  360/67  digital  computer  at  the  Naval  Post- 
graduate School.   In  general,  the  calculations  are  carried  out  using 
sixteen  digit  numbers.   The  typical  run,  describing  the  impulsively 

started  flow  up  to  — s£ — £fl5.0,  requires  less  than  three  minutes  of 

C 

computer  execution  time.   Provided  that  the  initial  starting  points,  Z 
and  Z_,  are  accurately  defined,  the  solution  appears  to  be  stable  and 
well  behaved.   The  stability  problem  was  previously  discussed  in  con- 
nection with  the  vortex  path  line  being  unique.   If  the  initial  estimate 
for  Z  and  Z  are  even  slightly  off,  the  solution  technique  attempts  to 
return  to  the  path,  but  as  a  consequence  there  may  be  some  abnormally 

ri    r— »     •  • 

.,  /  9,  Z.,    and  2.  _.    To  increase  the 

stability,  smaller  time  steps  are  taken  at  the  start  and  just  after  a 

vortex  has  been  shed  and  a  new  vortex  starts  to  grow.   The  normal  time 

step  is  0.05,  while  this  reduced  time  step  is  0.02.   The  program  will 

accept  as  many  as  twenty  vortices  before  it  terminates  execution. 
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Since  anyone  desiring  to  utilize  this  program  must  become  intimately 
familiar  with  its  internal  workings,  it  is  felt  that  any  further  dis- 
cussion is  unnecessary  here.   There  is  a  brief,  but  more  detailed  des- 
cription in  Appendix  A. 

It  was  possible,  through  the  use  of  this  program,  to  generate  a 
reasonably  good  drag  curve  using  asymmetric  considerations.   To  start 
with,  if  no  shedding  was  allowed,  it  was  found  that  by  multiplying  the 
value  of  /   ,  during  each  time  step,  from  equation  (42)  by  1.05,  prior 

0 

to  its  use  in  equation  (45),  that  the  value  of  /   never  changed  sign. 
It  did  however,  peak  at  about  the  same  — u. —   that  it  had  previously 
(no  asymmetry),  but  instead  of  decreasing  to  zero  and  subsequently  chang- 
ing sign;  it  decreased  somewhat  and  then  increased  beyond  bound.   The 
drag  curve  followed  somewhat  the  same  pattern.   By  arbitrarily  cutting 
the  vortex  sheet  at  the  minimum  j       values,  the  drag  curve  in  Figure  13 
was  generated.   The  computer  listing  for  Model  A,  though  meant  to  be 
modified  for  other  uses,  is  in  fact,  the  same  program  that  produced 
this  curve.   It  is  realized  that  the  amount  of  asymmetry  imposed  is  much 
too  large,  but  is  an  illustration  of  the  possibilities.   A  good  begin- 
ning point  for  future  work,  would  be  with  von  Karman's  stability  condi- 
tions or  to  investigate  the  works  done  by  Roshko  [19]  and  Bearman  [27]. 

D.    MODEL  B 

Since  this  model  is  an  attempt  to  approximate  the  vortex  sheets 
generated  by  boundary  layer  separations,  it  is  much  more  sensitive  to 
the  placement  of  the  nascent  vortices  than  is  Model  A  to  the  location 
of  the  feeding  sheet  origins.   Hence,  the  problem  of  mathematically 
describing  vortex  sheet  formation  is  more  obvious.   This  model  has  a 
distinct  advantage  over  the  other,  in  that  it  is  not  necessary  to 
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incorporate  any  assumptions  into  the  derivation  of  the  basic  equations 
of  motion  that  take  the  place  of  matrix  equation  (45).   The  assumptions 
are  present,  however,  in  the  determination  of  the  strength  and  initial 
nascent  vortex  positions.   Probably  the  most  important  single  advantage 
of  this  model,  is  that  in  general,  once  the  separation  points  and  vortex 
strengths  have  been  determined,  the  vortex  sheets  will  roll  up  to  form 
vortex  cores,  taking  care  of  the  vorticity  transport  and  diffusion  auto- 
matically.  To  discuss  these  aspects  further  will  require  the  develop- 
ment of  the  applicable  equations,  so  this  follows  next. 

Since  the  nascent  vortex  is  assumed  to  gain  its  total  strength 
during  the  time  step  in  which  it  is  born,  equation  (29)  can  be  used  to 
determine  its  convective  velocity.   It  is  repeated  here  for  convenience. 

The  vortex  convective  velocity,  as  indicated  in  the  initial  discussion 
of  equation  (29),  is  calculated  by  setting  Z   =  Z  and  ignoring  the  term 
in  the  first  summation  that  has  the  denominator  equal  to  zero.   The 
velocity  of  the  image  vortex  can  still  be  calculated  from 


■7t 


^4,'-»-^^»=  ^g  "**     *  <37>  Repeat 

Z. 


The  drag  and  lift  coefficients  are  again  calculated  from  equation  (30), 
however,  this  time,  some  liberties  can  be  taken  with  its  use.   Again, 
since  the  nascent  vortex  is  born  during  one  time  step,  a  part  of  the 
effect  of  the  unsteady  portion  of  (30),  more  specifically  parts  of  equa- 
tion (33),  can  be  assumed  negligible.   In  fact,  a  study  of  the  results 
of  [41]  indicates  that  the  algebraic  sum  of  the  values  of  the  terms 
concerned  with  feeding  and  growth  of  the  vortices  actually  only  account 
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Figure  U    Configuration  of  Model  B  Showing  tne 

Birth  Areas  and  the  Rotation  Direction 
of  the  Vorticea  Born  Therein. 
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for  about  three  percent  of  the  drag.   The  two  terms  being  discussed  are 
equivalent  to  the  terms  inside  the  first  and  second  sets  of  brackets  on 
the  right  hand  side  of  equation  (47).   Since  in  this  case  M  ■  N,  the  rest 
of  the  terms  become  applicable  to  this  model.   Therefore, 

N       f 

Cj-iCL  =  2  7r  zt  +-;  £  C  K+i  ^  -&*+J  M  *   <49> 

>?  =  /    L 

The  system  of  basic  equations  is  now  complete,  and  like  Model  A, 
it  has  been  programmed  to  allow  asymmetry.   The  programming  of  equation 
(49)  does  not  include  the  U    term  since  during  the  study  conducted 
for  this  thesis,  only  a  uniform,  steady  cross-flow  of  U    ■  1  was 
considered.   It  is  simple  enough  to  include  this  term,  but  then  the 
deleted  terms  may  become  more  important  such  that  some  kind  of  deter- 
mination might  have  to  be  made  for  them.   It  would  be  hoped  that  by 
the  time  these  terms  would  be  needed,  the  uniform  flow  problem  would 
be  solved  and  its  results  would  be  used  to  make  this  determination. 

This  program  is  also  written  in  FORTRAN  IV,  but  unlike  that  of 
Model  A,  its  calculation  is  carried  out  in  only  seven  digits.   The 
program,  as  written,  will  allow  as  many  as  one  hundred  nascent  vortices 
to  be  born  in  any  of  the  four  birth  areas  during  any  given  run.   A  run, 
which  goes  through  the  complete  100  time  steps  allowed,  requires  approxi- 
mately 30  minutes  of  computer  execution  time.   Since  the  propagation 
aspects  of  the  model  are  handled  by  Eulerian  approximations,  this  could 
have  serious  error  implications.   However,  since  an  approximate  solution 
is  all  that  is  presently  desired,  it  is  felt  that  these  errors  are  ac- 
ceptable.  The  large  execution  time  is  due  primarily  to  the  large  number 
of  vortices  involved  in  the  evaluation  of  (29),  particularly  at  high  ^S>e*  . 
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This  must  be  done  for  each  vortex,  during  each  time  step.   The  model  also 
has  the  option  of  considering  only  the  primary  birth  areas,  1  and  2, 
rather  than  all  four. 

Before  discussing  some  of  the  output  from  this  model,  the  general 
method  of  determining  vortex  strengths  must  be  considered.   It  has  been 
shown  by  Fage  and  Johansen  [42]  that  in  the  absence  of  back-flow  and  in 
a  steady  flow  situation,  the  amount  of  vorticity  leaving  a  separation 
zone  can  be  accurately  approximated  by 


iC^/o.5V7  > 


where  V   is  the  fluid  velocity  just  outside  the  boundary  layer  at  the 
point  of  separation.   Thus,  making  the  time  steps,  /\t,    small  enough, 
the  nascent  vortex  strength  can  be  given  by 


£|=  \o.BVZAtl       •         (5i) 


The  key  problem  now  is  to  decide  where  and  how  to  measure  V  and  where 
the  nascent  vortex  of  this  strength  is  placed.   The  four  birth  area 
model  purports  to  take  care  of  back-flow  through  the  use  of  the  second- 
ary birth  areas,  3  and  4.   Now  since  the  maximum  velocities  on  or  near 
the  cylinder's  surface  in  these  regions  are  very  small  as  compared  to 
the  velocities  in  the  primary  regions,  the  effect  of  making  some  as- 
sumptions here  is  not  too  critical.   The  assumption  made  in  most  of  the 
computer  runs  was  that  the  maximum  back-flow  velocity  on  the  cylinder's 
surface  in  that  birth  area  was  used  in  equation  (51).   From  experimental 
studies,  these  back-flow  vortices  appear  to  separate  at  points  located 
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about  +  55  degrees  from  the  positive  x-axis  on  the  cylinder's  surface; 
hence,  these  are  the  assumed  angles  for  the  model.   Instead  of  placing 
them  on  the  surface,  however,  the  model  was  generally  programmed  to 
place  them  at  about  0.01c.   This  still  leaves  the  problem  of  placing 
the  primary  nascent  vortices;  to  the  author's  knowledge,  no  truely 
satisfactory  method  does  exist.   The  drag  curves,  and  flow  patterns 
shown  in  the  figures  of  this  subsection  were  all  generated  using  arbi- 
trarily selected  placement  locations.   The  maximum  velocity  found  on 
cylinder's  surface  in  these  birth  areas  was,  however,  used  to  compute 
the  strength  from  (51).   For  all  the  birth  areas,  the  sign  given  to  the 
resultant  value  of  strength  is  as  depicted  in  Figure  14.   This  sign  con- 
vention comes  from  boundary  layer  considerations  and  the  direction  of 
the  maximum  velocity  in  the  respective  birth  area. 

In  order  to  prevent  the  extremely  high  convective  velocities  that 
can  occur  if  and  when  two  vortices  get  too  close  together,  the  model 
provides  for  coalescence  and  cancellation  of  the  vortices  depending  on 
their  comparative  strengths.  The  vortices  are  combined  if  the  alge- 
braic sum  is  not  zero,  in  which  case  they  are  cancelled,  by  creating  a 
new  vortex  having  that  sum  for  its  strength  and  located  at  the  "center 
of  gravity"  of  the  two  vortices.  With  a  great  many  vortices  this  pro- 
cedure can  consume  much  computer  execution  time. 

As  in  the  case  of  Model  A,  any  future  user  of  this  program  would 
of  necessity  have  to  have  an  intimate  knowledge  of  its  inner  workings. 
Appendix  A  contains  a  brief  description  of  the  parameters  and  the  major 
sections  of  the  program. 

This  model  was  used  to  test  a  great  many  ideas  using  a  great  many 
runs.   Figures  15  through  19  are  presented  to  illustrate  the  kind  and 
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type  of  output  the  model  will  generate.   The  program  included  with  this 
thesis  generated  these  figures.   The  primary  vortices  are  injected  into 
the  stream  at  points  whose  angles  from  the  positive  x-axis  are  +  95 
degrees,  and  are  located  0.045c  from  the  cylinder's  surface. 
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IV.   DISCUSSION  OF  RESULTS  AND  CONCLUSIONS 

The  primary  result  of  this  study  is  that  reasonably  representative 
drag  coefficient  curves  can  be  generated  using  the  two  mathematical 
models  developed.   This  is  particularly  true  in  the  case  of  Model  B, 
where  the  curves  can  be  generated  for  both  symmetric  and  asymmetric 
wake  development.   Figures  15  through  19  show  the  drag  curve  and  wake 
development  for  an  asymmetric  wake  case,  while  Figures  20  through  24 
show  the  symmetric  wake  case.   The  assumptions  involved  only  the  place- 
ment locations  of  the  nascent  vortices  and  the  coalescence  distance  used 
to  prevent  abnormally  high  velocities  if  two  nascent  vortices  come  too 
close  together.   The  symmetric  wake  case  was  generated  by  making  the  same 
assumptions  for  placement  location  as  in  the  asymmetric  case,  however, 
the  coalescence  distance  was  increased.   Where  this  distance  was  0.06c 
for  asymmetry,  in  the  symmetric  case  it  was  0.08c.   These  values  were 
arbitrarily  selected. 

In  the  case  of  Model  B,  the  curve  in  Figure  15  was  generated  by 
assuming  asymmetric  generation  of  vorticity  and  assuming  the  vortex 
sheet  is  cut,  freeing  the  core,  when   |     reached  its  first  post-peak 


n 
minimum.   The  amount  of  asymmetry  and  the  time  of  sheet  cutting  is 

loosely  based  on  the  results  of  Sarpkaya's  experimental  work  [24]. 

Aside  from  the  above  results,  numerous  computer  runs  were  made  in 
an  effort  to  develop  a  method  by  which  the  separation  characteristics 
could  be  analytically  described.   Though  these  attempts  were  not  en- 
tirely successful,  some  information  was  gained  about  the  character  of 
the  vortex  sheet  origin  and  the  requirements  necessary  to  produce  a 
reasonably  realistic  drag  curve  and  wake  structure.   Of  the  two  models, 
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Model  B  was  the  most  illuminating  since  the  concept  of  a  string  of  small 
strength  vortices  is  more  nearly  like  nature  than  is  the  concept  upon 
which  Model  A  is  based.   As  a  result,  Model  B  was  utilized  more  exten- 
sively in  this  study.   It  is  for  this  reason  then,  that  the  majority  of 
the  remaining  remarks  in  this  section  will  be  concerned  with  results  from 
this  mode  I . 

Of  the  various  factors  that  go  into  the  final  description  of  the 
wake  and  computation  of  a  drag  curve,  it  was  found  that  the  location  at 
which  the  nascent  vortices  are  placed  in  Model  B  is  by  far  the  most 
critical  parameter  involved.   Of  the  two  items  which  determine  the  loca- 
tion of  the  vortex,  angle  and  distance  from  the  cylinder's  surface,  it 
appears  that  the  latter  is  more  important.   It  was  observed  that  there 
was  a  tendency  for  the  primary  vortices  to  "hug"  the  surface  (Figure  25), 
all  the  way  to  the  rear  stagnation  point,  if  their  initial  placement 
distance  was  too  small.   "Too  small"  in  this  case  appears  to  mean  less 
than  about  0.03c.   In  Figure  25,  the  nascent  vortices  were  placed  at 
0.01c  away  from  the  cylinder's  surface,  at  angles  of  +  95  degrees.   In- 
creasing or  decreasing  //  j   did  not  seem  to  have  much  effect  on  this 
tendency.   Changing  the  secondary  vortex  birth  location,  for  a  fixed 
primary  location,  did  not  prevent  this  "hugging,"  nor  did  it  appreci- 
ably change  the  roll-up  tendency  of  the  primary  vortices  if  they  were 
being  shed  reasonably  well.   Though  the  resulting  wake  formation  in 
Figure  25  is  not  that  desired  for  Reynolds  numbers  less  than  about  2  x  10  , 
there  is  a  striking  resemblance  to  real  flow  patterns  evident  in  the 
super  critical  Reynolds  number  region.   By  making  approximately  50  com- 
puter runs  in  which  only  the  birth  location  of  the  primary  vortices  was 
varied,  it  was  found  that  a  distance  of  about  0.045c  and  an  angle  of 
about  +  95  degrees  from  the  rear  stagnation  point,  produced  the  most 
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reasonable  flow  patterns  and  drag  curve;  Figures  15  through  19.   This 
shedding  angle  is  comparable  with  the  observed  angle  of  separation  of 
about  98  degrees  (measured  in  the  same  manner).   The  distance  from  the 
cylinder's  surface  however,  is  about  twice  the  value  predicted  by  the 
Blasius  series  solution  of  the  boundary  layer  equations.   It  is  suggested, 
therefore,  that  any  future  work  in  this  area  might  well  begin  with  a 
comprehensive  study  of  the  boundary  layer  transition  region.   A  con- 
sideration of  these  regions  above  flat  plates  could  be  the  starting 
point  since  the  added  problem  of  body  curvature  is  not  present. 

It  does  not  seem  possible,  after  studying  the  works  of  many  in- 
vestigators, that  Thompson  [13]  could  have  produced  asymmetry  with 
equations  that  are  in  themselves  symmetric,  were  it  not  for  the  very 
real  problem  of  computer  round-off  error.   The  fact  that  Figure  15  ex- 
hibits asymmetry  would  be  of  deep  concern  had  Abernathy  and  Kronauer 
[10]  not  found  that  strings  of  small  strength  vortices  would  in  fact  roll- 
up  in  an  asymmetric  manner.   In  the  case  of  Model  B,  the  predominate 
errors  are  due  to  assuming  Eulerian  propagation  approximations  and  not 
from  round-off.   The  Eulerian  approximations  are,  of  course,  symmetric, 
so  it  is  assumed  that  the  asymmetry  is  in  fact  due  to  the  interactions 
Abernathy  and  Kronauer  observed.   Interestingly  enough,  when  using  Model 
B  asymmetry  was  not  always  produced,  which  leads  to  another  conclusion; 
there  is  a  critical  combination  of  separation  points  and  spacing  dis- 
tance between  sheets  to  cause  the  necessary  interaction  that  forms  the 
Karman  street.   On  the  other  hand,  reasonable  drag  coefficient  curves 
could  be  generated  without  any  asymmetry  present.   The  overall  conclusion 
is  that  the  drag  curve  is  predominatly  influenced  by  the  rate  of  vorti- 
city  creation  and  its  subsequent  diffusion  into  the  wake.   This  then, 
points  right  back  to  the  over-riding  problem  of  boundary  layer  separation. 
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Since  Model  A  feeds  large  vortex  cores  rather  than  creating  vortex 
sheets,  it  would  appear  this  model  is  better  suited  for  describing  the 
flow  at  Reynolds  numbers  less  than  about  50.   By  increasing  the  angles 
of  the  sheet  origin,  the  drag  curve  peak  can  be  increased  to  almost  any 
desired  value.   In  order  to  make  the  model  applicable  to  the  higher 
Reynolds  number  range,  it  will  be  necessary  to  find  some  scientifically 
based  method  of  shedding  these  cores.   The  stability  criterion  of  von 
Karman  and  others  may  provide  the  answers. 
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APPENDIX  A 

A.    DESCRIPTION  OF  COMPUTER  PROGRAM  FOR  MODEL  A 

The  complete  program  for  this  model  includes  a  primary  or  main  pro- 
gram with  seven  subroutines  that  accompany  it.   There  is  one  other  sub- 
routine that  is  called  that  is  not  part  of  the  listing  included  with 
this  thesis.   The  subroutine  is  PLOTP  and  is  called  from  the  resident 
subroutine  library  of  the  Naval  Postgraduate  School  Computing  Center. 
The  subroutine  is  used  to  produce  printer  plots,  such  as  Figures  15 
through  19,  instead  of  using  the  CALCOMP  continuous  line  plotters  as 
output,  so  it  is  not  critical  to  the  actual  program  calculations.   The 
curve  plotting  subroutines  or  procedures  of  other  systems  could  be 
easily  substituted  for  this  one. 

At  the  beginning  of  the  main  program  and  each  subroutine  is  a  short 
series  of  comment  cards  that  indicate  the  purpose  of  the  program  and 
generally  the  parameters  used  therein.   In  general,  the  same  notation, 
in  FORTRAN  format,  is  used  in  the  program  as  was  used  to  develop  the  equa- 
tions in  Section  III(c);  for  example  K  in  equation  (43)  is  coded  as  Kl , 
or  Z   is  coded  as  Z1B.   Each  computational  section  of  the  main  program 
is  preceded  by  comment  cards  indicating  what  computations  that  section 
is  performing. 

Since  there  is  no  on-line  function  for  extracting  the  imaginary 
part  of  a  double  precision  complex  number  in  the  IBM  version  of  FORTRAN 
IV,  EQUIVALENCE  statements  had  to  be  used  to  recover  these  values. 

It  is  assumed  that  the  reader  already  has  a  working  knowledge  of 
FORTRAN  coding  techniques  so  that  a  definition  list  of  the  various  para- 
meter names  used  in  the  program  will  be  sufficient  guide  for  future  use. 
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The  need  for  understanding  the  program  is  brought  about  by  the  fact  that 
in  order  to  study  vortex  sheet  cutting  procedures,  the  logic  of  the 
coding  will  have  to  be  changed  each  time  a  different  procedure  is  used. 
The  section  of  this  thesis  entitled  Computer  Output,  contains  several 
pages  of  output  that  are  to  be  used  as  trial  run  checks  for  a  new  pro- 
gram deck  punched  from  the  program  listing. 

The  type  specification  and  precision  of  the  following  parameters  is 
clearly  indicated  in  the  first  few  statements  of  the  program,  so  there 
is  no  need  for  repeating  it  here.  All  arrays  are  stored  in  vector  form, 
i.e.,  the  values  of  the  array  elements  are  stored  one  column  following 
another,  going  from  left  to  right  in  the  array. 

If  a  parameter  is  not  found  in  the  following  list  (equation  para- 
meters described  above  are  not  included)  but  found  in  the  program,  then 
it  is  a  dummy  parameter  used  for  intermediate  operations  only  and  there- 
fore has  no  special  significance  as  compared  to  those  listed. 

B.    DEFINITION  OF  PARAMETERS 

AA(144)        Vector  containing  the  partitioned  matrix  elements. 

AC(12)  Vector  containing  the  partitioned  elements  of  the  right 
hand  side  of  equation  (45).  First  six  elements  contain 
the  real  parts,  the  second  six  the  imaginary  parts. 

AG(12)         Vector  containing  the  partitioned  elements  of  the  un- 
knowns in  equation  (45). 

CDCL(400)      Vector  containing  the  lift  and  drag  coefficient  values 
for  each  time  step. 

CV(20)        Vector  containing  the  free  vortex  velocities;  corresponds 
to  ZF(20)  and  GF(20). 


DG1(401)       Contains  /|   for  each  time  step. 

» 
DG2(401)       Contains  fl     for  each  time  step. 
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DG1MAX 
DG2MAX 
DG1MIN 
DG2MIN 

DT 

DUDT 

EG 

EGS 

GF(20) 

GG1 
GG2 

IT 

INNB 


J 


INNT 


NCHDT 


NFV 


NFVT 


NIT 


NKER(2) 


NPL 


Contains  the  values  of  the  maximum  and  minimum  /.  and  \1 
for  a  run;  used  to  determine  when  to  cut  the  vortex 
sheets. 


Contains  value  of  ^t;  time  step  size 

A  tolerance  value,  usually  1.0x10 
EG  squared. 


.-12 


Vector  containing  the  values  of  the  strengths  (  /^_  ) 
of  the  free  vortex  cores;  corresponds  to  the  position 
vector  ZF(20) . 

Value  of  /    during  a  time  step. 

Value  of  /    during  a  time  step. 

Counter  value  for  the  pass  number  through  the  program. 
1  £   IT  £  NIT 

If  bottom  vortex  is  shed  during  a  time  step,  this  para- 
meter equals  0,  if  vortex  is  not  shed,  it  equals  1. 
It  is  used  to  determine  whether  a  new  vortex  should  be 
started  from  bottom  sheet. 

Has  same  indication  as  INNB,  but  applies  to  the  top 
vortex  and  sheet. 

Indicates  the  pass  at  which  the  value  of  DT  is  changed 
to  prevent  instabilities  in  the  solution. 

Counter  used  to  indicate  the  number  of  free  vortices 
existing.   NFV  ^  20 

Contains  the  maximum  value  of  NFV  during  any  run.  If 
NFVT  >20,  the  DIMENSION  statement  must  be  changed  as 
indicated  in  the  program. 

Contains  the  maximum  value  of  IT  during  any  run.   If 
NIT  >  400,  the  DIMENSION  statement  must  be  changed  as 
indicated  in  the  program. 

Vector  containing  the  matrix  singularity  determination 
from  subroutine  INVERT.   NKER(l)  applies  to  equation 
(42)  while  NKER(2)  applies  to  equation  (45). 

Indicates  number  of  passes  through  program  between  wake 
development  plots. 
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NPRT  Indicates  number  of  passes  through  program  between 

status  printouts. 

pi  ?r 

PI2         7T  2 

T(401)         Contains  value  of  total  elapsed  ^*>   -  for  each  time  step, 

ZA(36)         Vector  containing  the  values  of  the  elements  in  the  co- 
efficient matrix  of  equation  (45) . 

ZAA(4)         Same  as  ZA(36),  but  applies  to  equation  (42). 

ZC(6)  Vector  containing  the  elements  of  the  column  matrix  on 

the  right  hand  side  of  equation  (45). 

ZCC(2)         Same  as  ZC(6),  but  applies  to  equation  (42). 

ZCP(IOO)       Contains  the  circle  circumference  points  and  scaling 
points  used  for  plotting  purposes. 

ZF(20)         Contains  the  free  vortex  positions  during  a  time  step; 

corresponds  to  the  vector  GF(20)  on  a  one  for  one  basis. 

ZG(6)         Contains  the  values  of  the  unknowns  in  equation  (45). 

ZGG(2)         Same  as  ZG(6),  but  applies  to  equation  (42). 
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APPENDIX  B 

A.    DESCRIPTION  OF  COMPUTER  PROGRAM  FOR  MODEL  B 

This  program  is  much  shorter  from  a  coding  standpoint  than  is  Model 
A.   There  is  only  one  subroutine  besides  the  plotting  routine,  PLOTP, 
needed  for  operation  of  the  program,  and  it  is  included  in  the  listing. 
The  general  comments  previously  made  for  Model  A,  apply  equally  well 
here.   The  only  major  difference,  besides  the  concepts  upon  which  the 
two  are  based,  is  that  this  program  is  written  using  single  precision 
arithmetic  rather  than  double  precision  as  in  the  case  of  Model  A. 


B.    DEFINITION  OF  PARAMETERS 


AVN(4) 


CDCL(IOO) 

CLOCKR 
CLOCKS 
CLOCKT 


CW(400) 


DTP 
EG 
EGS 
GK(400) 

IT 


Values,  in  degrees,  of  the  nascent  vortex  placement 
angles  actually  used  in  the  calculations.  AVN(l) 
applies  to  birth  area  1;  AVN(2)  applies  to  birth  area 
2,  etc. 

Same  as  Model  A. 

These  parameters  are  used  to  determine  the  actual 
elapsed  computer  time  for  each  pass  and  run; 
can  be  eliminated  from  the  program  without  hurting 
its  purpose. 

Contains  the  value  velocities  for  each  vortex  during 
a  time  step.   CW(l)to  CW(IOO)  Birth  Area  1 

CVV(lOl)  to  CVV(200)  Birth  Area  2 
CW(201)  to  CW(300)  Birth  Area  3 
CW(301)  to  CW(400)  Birth  Area  4 

Same  as  DT  in  Model  A 

Same  as  Model  A 

Same  as  Model  A 

Contains  the  value  of  the  vortex  strengths  during  a 
time  step;  corresponds  to  CW(400)  on  a  one  for  one 
basis. 

Same  as  Model  A 
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ITIME(O) 


MPA 


MP  (4) 


MS 


MZD 


NB 


An  IBM  on-line  function  used  to  make  real  time 
available  to  a  FORTRAN  IV  program;  can  be  eliminated 
without  hurting  the  purpose  of  the  program. 

The  value  of  nascent  vortex  placement  distance  as  a 
function  of  RE  as  generated  by  formulas  from  Sarpkaya's 
paper  [35].   Used  for  comparative  purposes. 

Contains  the  actual  nascent  vortex  placement  distance 
from  the  cylinder's  surface  used  in  the  calculations. 
MP(1)  corresponds  to  AVN(l)  or  NVM(l) ;  MP(2)  corres- 
ponds to  AVN(2)  or  NVM(2) ;  etc. 

Radius  of  the  arc  along  which  the  search  for  maximum 
velocities  is  made;  usually  equal  to  1.0. 

Minimum  distance  two  vortices  can  be  from  each  other 
without  being  coalesced  or  cancelled. 

Total  number  of  birth  areas;  usually  equal  to  4,  but 
if  only  the  primary  nascent  vortices  are  being  studied, 
then  NB=2. 


NCAN 


Counter  indicating  number  of  vortices  cancelled  during 
a  run. 


NCL 


Counter  indicating  number  of  vortices  coalesced  during 
a  run. 


NIT 

NP1 

NV 

NVM(4) 

PI 
RE 

TP(101) 
VELM(4) 

ZCC(IOO) 


Same  as  Model  A. 

Indicates  number  of  passes,  times  ten,  between  wake 
development  plots. 

Counter  indicating  number  of  primary  vortices  generated 
in  birth  area  1  during  a  run.   It  is  also  equal  to  the 
number  generated  in  birth  area  2. 

Contains  the  values,  in  degrees,  of  the  maximum  velocity 
locations  resulting  from  a  search  for  same  in  the  birth 
areas.   NVM(l)  corresponds  to  AVN(l) ;  etc. 

1r 

Reynolds  number;  used  in  conjunction  with  MPA. 

Same  as  T(401)  in  Model  A. 

Contains  the  values  of  maximum  velocity  found  during  the 
search  for  same  in  the  birth  areas.  VELM(l)  corresponds 
to  NVM(l);  etc. 

Same  as  ZCP(IOO)  in  Model  A. 
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ZCFP(51) 

ZCRP(61) 

ZF(400) 


Contains  the  cylinder's  circumferential  locations  from 
135  to  85  degrees  (measured  from  the  rear  stagnation 
point) . 

Contains  the  cylinder's  circumferential  locations  from 

0  to  60  degrees  (measured  from  the  rear  stagnation  point). 

Contains  the  locations  of  the  vortices  during  a  time  step, 
Corresponds  to  CW(400)  and  GK(400) . 


90 


Ui/1 

0»— u^ 

prrii 

—  jii 

l_C 

□     12 

o<_- 

LU>-UJ 

liiUJO 

oo 

O.UJ  — 

ir  m 

CO  •  • 

I  CO 


iv  if, 


U.iO  GDlTi 

a  Z  -J-s) 

Oii  •   * 

(_>  JL  OO 


I 


on 


»-         OO         •- 


(7»rn 

OO 


c 

fM>* 

V. 

S\— 

II 

> 

OO 

OJ       O 

-J 

00 
1 

0 

0— 

JJCJ 

3_l 

mo 

LLUjI- 

r.1,0 

»->c 

-frfi 

0 

"V 

OO 

-—  OO 


oc 
I  I 

OO 
.trvj 
^rvj 
■Orvj 
~*^ 
O— 

a-  4 

TfM 

uo 
o    *-<>oc 
D     -j-r-o 

■OOIIW 
IT  •  •  • 
mooC 
O  »  I     » 

-t-l  — 

T  I  O  I 
J-C  I  c 

——  ClM 

f-<C4  n 

x  *om*o 
aimcLrn 

>*ln^f 

•  ~«in  C 
00*0>^ 

f\J.Of-     • 

•0*t  •n  — 

•  J    • 

»r~.   •  <*   11 


OO 
I    I 

OO 

O-H 

-•* 

(CfN. 
•OC 

*fnj 


»-  OCT 

ajo         ^  in 

3.^  >f  J 


OC 


>         — 1__, 


►- 

h-m 

c 

rn^- 

V. 

OO 

> 

00 

UJ       C 

•    * 

cc> 

CO 

o-« 

1 

o~ 

<_) 

OJw 

O-J 

cluj>- 

rvfvj 

»->Q 

f  >m 

N- 

OO 

CO'C  «~ 


jm  CO 


ao  u. 


a.* 
3_i 


-    >-\i>i 
*o  o  in  —.  o 
•  •  •  • 

JIOUi I 

O  «  •  I    » 
.r<r— -  » 

t-j-  1  0 

—  f  <MO 

^-*f-  -t 
CT*>Oin^\i 

nm~**i 
,t,Cin-. 
•  tt?rr\ 

1  o~*t^     - 
— 0  -or^ 

o-»r- 

—  rvjo 
J         -Tino 


CL.I 


OlA 

e>— oj 

Za.u- 

-Ca 

ot-< 

c    o 

oo 

u  t~uj 

WujO 

oo 

U.U.— 

ir\»/> 

I 

I 

-»  X) 

oo 


l_ 

in^r 

UiO 

^Tlf 

OL^ 

f*":r\J 

CU-' 

•    • 

Oti 

rvjpg 

OL  — 


Z5       ~-a 


*v 

<_  0 

> 

c  0 

—J 

tt!>- 

oc 

i_> 

1 

c 

0  — 

0 

llO 

J    M 

0  J 

y  >c 

3-  r~- 

I  I 

oc 

ITi1*^ 

x\i\i 

<M-4" 

no- 
or^ 

1-44) 

•  ■$■>*  • 

o     mcro 
»      ,j/m   » 

j"-   •  •  • 

h-  »  1    » 

nco  *n 

tAfsjOO 

0-*mer 

•  mo*t 
—  r-mj- 

CM<Oft. 


h- 

CPfVJ 

UjO 

IT.,* 

or:z 

if\st 

Cuj 

•    • 

uat 

O'rg 

-lO 

•OCO 

> 

OO 

M 

00 

> 

•  • 

»- 

00 

IN|« 

OLJ 

VO 

1  -j 

0 

QIL 

mr- 

> 

o-t-- 

0 

= 

mm 

*- 

f~^i 

0 

isir^t 

-v 

—  <J 

> 

'JO 

UJ       Q 

Of  > 

OO 

1 

O  — 

l_> 

aj  3 

—  _l 

f\jiTi 

a  aj|- 

N  "y 

o     :?*-•- 


ry-m 

rvrg 
*J<N 

ajm 

NO 

om 

o^ 

ox 

O      INTO 

•  100  • 

O      *mo 

•  fSJCsj    •> 

st    •   •    • 

<«OOu 
— •  *  1     » 

"■1  in  mm 
mc  >Om 
IT  mrj—i 
f-rr-  vt-O 
pr\j  f  f\i 
*f\jmf» 

—*r- th-  or 
•a  -co- 

—  X^'Tt 


OO 
I     I 

mm 
rorvj 


<TCC 


trco 

o     r-a 

•  >j-^ 

ir.OO-oo 
j     •  •  •  • 

U  ww OO 

if .    »  -  (     » 

iNjm-oo 
c:-«mr- 

tr\mr-c 

OJsJ  00 

•  o  oir 
r\j  j-m-r 

1  f-  ^r. 
—  ^«t  j     - 

t-       I  — c 
o    —    — c 


•tsf 

00 


UJU 

Z>-1 


•  tgrg 

■O  «  •  •  • 

>r   -  *  1    - 

r\i^)^j  * 

^•^  r  1  if 

r    ^mo 

Xi  4  mr- 
mrgO"  ar 

•  t-"x 
-Mi^rvjC 

I   >*N  J- 

~\r\0  ^     - 

•  •«— • 

uo  • 

K         I   — C 
O      »-      wO 


00 
00 


OO 
CO 


92 


O—LU 

—  Ctt 


O  — u. 
ZXIK 
-Ol 


UJLUO        OO 

X  I 


x  •cm 

«»-  Om 

OO  •  • 

I  OO 

O  I 


»- 

o* 

ujO 

rgiri 

IXZ 

Org 

CUJ 

•    • 

occ 

ooo 

> 

r-g>   ' 

— o 

> 

•  • 

CO 

K- 

OO 

— 

tSlfc- 

oo 

Mi 

^O 

H- 

J 

I  -J 

o 

IT 

Olu 

trtt*\ 

^. 

£ 

> 

-O— 

< 

• 

^ 

ngr- 

X 

OO 

X 

1 

•  • 

< 

oo 

o 

o 

i 

1 

o 

o 

rg 

• 

1/1 

— 

*- 

gro 

as 

a 

— gr 

•a 

*v 

ow 

II 

► 

rgO 

z 

LU        Q 

•    • 

LU 

—1 

QC> 

oo 

I 

u 

o>-— 

X 

B 

O— 

O 

o 

UJO 

</> 

3-1 

-6  — 

LU 

atiuh- 

ffoo 

a; 

>->o 

r-o 

o 

o 

Nw 

— O 

l_) 

o 

K 

•  • 

o 

o 

OO 

LU 

rg 

X 

O 

l- 

• 

o 

z 

•JO- 

M 

V 

r-m 

LU 

II 

z— 

r-m 

LU 

o 

•  • 

ol 

LU 

LU  — 

oo 

u. 

I 

XI- 

1 

o— 

1- 

ov/l 

►- 

o 

3 

< 

1— 

a 

— (*1 

O 

^ 

X 

—  — • 

LU 

LU 

r»*J 

OL 

a 

•  • 
O— 

< 

>o 

•        II   • 

>—  • 

►-    o 

—  00 

.— 1 

X«M 

O 

»  •  »o 

o 

_l 

0D- 00 

LU 

-»OM 

> 

m  I  o> 

o 

rgOul 

3   • 

oooo 

O 

m«f> 

rgri**i 

gj-— o 

rgrgr- 

ao  gfO" 

r-g^ao 

g/i>-  • 

.i-ff-t 

—  r*l   m 

OOl 

O     rgCOf- 

vo 

•       •  aoao 

•—   • 

O       Off  rg 

z    o 

.       1  ru- 

o 

in©    »l*lff 

•c  •©  •ro 

l- 

oo«o« 

*  •*»>  i  -e 

LO 

NNh    -00 

o 

<r>r\igj<\ic- 

a     o 

mOhOo 

x  • 

ffgrm  i  ff 

o 

rggJrgQO 

omr-rg— 

*««M^m  • 

(M  —«>•♦* 

*4<|N- 

(*M*IUMf\ 

rg— ffr- 

•  LT\r-<M 

a-.—.—,  re 

w  *0    «0D 

no"1 

m— <> 

•     <7> 

UJUJ 

a'LU 
XT 


CO 
UJUJ 
UiUJ 


l/> 

— ->■* 

iroa 

X 

miN 
rgoff 

LU 

►- 

00  CM  — 

OL- 

figjgj 

ID 

(MfOO 

> 

-r 

-»•— ff 
rgrgrg 

at 

rn 

0D4-O 

LU 

>-* 

r-gjgf 

a 

>~  • 

•rr-O 

o. 

►- 

O 

j- a- ao 

3 

5 

— ft— 
O<0  • 

X 

O       PgODtM 

o 

ml 

•         *aD  — 

OL 

LU 

o 

o     Off  1 

LU 

> 

xOOKIh 

o 

3   • 

O   .-4-    »ff 

z 

o 

1  omoo 

o.  — I  «©. 

1- 

r-  — .-org-r 

• 

< 

mot*0-t 

l/> 

z 

4  t  m  |  w 

LU 

IflQMOIft 

a 

O 

^(Njr-o-— * 

□ 

«— 

(Njino^rtj^ 

<_> 

aC 

O^O^**"*^ 

o 

r- 

— .cr-or-o 

X 

o 

rsjLT»*r*ir\r»i 

LU 

>-o 

OiMCT-f-IM 

►- 

-  • 

^■Of*<M    • 

a 

z 

gd— <— «aoo 

O 

o 

o>-^  •ao*,< 

> 

1- 

tT"0—  <o     »^ 

LU 

—    a 

LU 

1/1 

m 

•  C«l       ^t 

J. 

a 

<0 

0<M      O 

LL 

a. 

Ol— —      — 

X    .3       -0       X 

<MQ.          •          • 

1-   II  O       O             1 

30  1       — 

OO—                  1 

*Jrg                       i 

4"  1*1 

Olf* 


X 

luo  «-*^ 

az  Orj 

Olu  •  • 

oat  ooo 

i/> 


eoj- 

>- 

m>o 

> 

o* 

*~ 

CNJO 

M 

>■ 

•   • 

•SI 

u. 

oo 

— 

•vj  — 

oo 

-» 

^o 

t- 

X-l 

o 

f- 

Olu 

Otf> 

^ 

o 

> 

o^ 

•ar 

• 

3 

-*r^ 

X 

-H 

oo 

X 

•   • 

< 

oo 

19 

-4 

t- 

tnoo 

00 

o 

miM 

< 

^ 

ODfn 

II 

>- 

(MO 

z 

LU         O 

•    • 

LU 

-1 

ot> 

OO 

X 

o 

Ol-«- 

3 

o 
u 

o— 

o 

» 

LUO 

LO 

3-1 

OU1 

LU 

CLLUI- 

LA»< 

0L 

h->0 

in« 

o 

o 

"V 

cvo 

o 

O 

O 

z 

cir- 

w 

> 

o~t\ 

U' 

II 

z— 

f^tO 

LU 

Q 

•  • 

0L 

LU 

UJ  — 

OO 

U- 

X 

oo- 

1 

O— 

k- 

OI/> 

1- 

o 

D 

< 

a. 

o 

1- 

00^- 

—1 

X 

fsn-. 

u. 

UJUJ 
UJUt 

II 


LU 

>o 

»         II    • 

I 

>-—  • 

o 

►-    o 

— -c 

-1 

■- 

v-c 

o 

•  »  ►< 

r 

o 

o 

-J 

r*>»-4f^ 

Ll 

Uj 

4C« 

U- 

> 

0~    1  IN 

o 

f-Of- 

O 

3   • 

>uir>co 

z 

o 

—  f^0D 

1- 

oo— 

« 

— -4  *r\ 

z 

LfMrvrg 

IB 

>Or\J  • 

— 

~f -o-t 

LL 

rr-  _    » 

c 

O       M-.^- 

>o 

•      »r-o 

o    or~-< 

z    o 

•      I  e\icg 

o 

-OO    *rr|-- 

-*■   •(>    •■£ 

*- 

IMOOO-0 

—  .—  I  — 

l/> 

floor-  -sj- 

o 

Ox^*tT'-^IN* 

0.     o 

rt<-<Or- 

X    • 

f-rnt/i  1  rg 

o 

fMO*»/lOl*l 
LTfOflOO  — 
**l^**lf^    • 
— «— -»■-* 
r-^r-O— 
r— o>0> 
rsir-  «J  *t 
•  i^iiritr 

aDLTKNioo 

—  J3    .00 

r^O  — 

L0-—O 

u.     >     in 


—        off 


— o 

-0O-* 

0-  I  r- 

r-o-* 

sO-CM 

— r-ro 
fimM 
ooo 

UMTl  — 

J-l--. 

sf"M>0 

g;  .£>-• 
O     (\j—rsi 


of-  I 
oro-O 

—  •-£> 

—  ON 

»o 

tr— m 

—  Oin 
in  l  c\j 

mow 

0DCP  C 
mor  rg 
— -t  ~o 
r-oo 
o-o  -o 
gf  -t~> 

LOt3    • 

rgOOo 

00  — 

O  — 

—  O      - 


rg     — o 
3  •     O  • 

o      I  o 
C 

m— 
oo 
o  | 
r-c 
in  — 
«c 

r-     oDg^ 

—  ogf 

-O      0DC0 
-    •      00O 

—  ^00 

gf— 

rggr 

tn*o 

^^rg 

rg       «r<l 

ao     o— 

OI-  — 45 

<    »Z>       -T 

rgo.        . 

I-  II  O 

313  I 

OU» 

0">J 


1*1 


93 


<_—  u 
7  3  W 
—      <*       It 


O       ,0  — 

^     oo 


2aru 

-Ob      oo 
c     o    oo 


<*-         oo        o 


o  — 
o~- 


-vl~         I 


i      -11- 


a  ^ 

o-r 

oo 


D 

U-* 

v. 

O" 

> 

oo 

i.        C 

•    • 

jr  > 

oo 

o 

Ol-  — 

*"" 

-J  — 

-' 

(J 

r  —i 

c  rvj 

X  UJ»- 

H  >^ 

t  >c 

< 

*N 

oo 

—.o-         — 


U.U. 

::.    > 
--I 


,nr- 

O              *: 

er 

\f\~* 

*»J             Z 

ILJ 

>^n 

*■          ii    • 

~1        > 

c      »- 

oo 

^o 

_J          M 

I   i 

*tn 

o 

•  •  •f, 

>     r 

c    _» 

m^^ 

a      u_ 

a*_ 

CO<} 

U-       > 

■stm 

I    i  >o 

r-,o 

CCu-* 

3  •  • 

r*-  -i^ 

z 

< 
z 

— o 

-*x  .* 

fMO---' 

anrg  J- 
4r«J    • 

OiO   | 

o*t 

r  in  •• 

in,* 

o     err-  *i 

>  OO 

—  •  • 

O       i^S  X 

rv-* 

*    —t^ro 

D 

1 

— <o  jr—*fv 

C    .   •   .-. 

*- 

1  ocux 

O   •  1    1  o 

i/i 

CDaD 

\T\r-t    *    •.<■<* 

O 

r*>* 

CT'O'N'fM  -O 

a 

OCT 

in  i  on.-. 

X     •    • 

-TO  1    1  -* 

JO 

TMJ"   f-f- 
**r-  r-i^  M-i 

r-irr-c   • 
er  in  — •  c  -n 

i^(r>f  J    I 

CO  *  f*- 

03  CT  f\|ftj 
Tu-  rj   t 
-H.OO-- 

OOini"*" 

I 

—  r-  if\rr 

t- 

r-o 

K<r>^- 

O 

Coin 

•  ^cr 

T 

r--in 

«i~    •   •  ii 

LLI 

•  • 

— .wOo"" 

I-      oc 

r-D 

I    I  w 

i 

WW^ 

r 

X 
UJ 

> 

1    I  c 

r-njO 

o^-« 

MOP 

a 

-tCD 

^x-^ 

u~ 

><\J,-t 

■DfjO 

Q-       V' 

—    •    • 

4-  r^tO 

a    h- 

OO 

u"  oj  -C 

Ofia 

o 

r-iu-  i 

i     o 

o     o  r  "-J 

c     i 

•     a-cr   • 

_t_         UJ 

u>o 

o       U.h-O 

u-      ^> 

u.r- 

*     -W   | 

*Jou 

Ov  o  -0»»*   ■> 

O 

3   •   • 

-    .    •    •  *-■ 

Z 

OO 

P*-CCOf*' 

O  1    1    i  a 
-i  CJ  o  C  ^ 

^z 

-*■£> 

f\jf>— iO  -J" 

O  -C 

xcr0.j  c 

>-X 

fNlO— «>o  — 

"•    •    • 

Oj  ii~*  c  nJ  0*  ^M 

z 

i«o 

fsi^jor-.f 

o 

i 

•r-rNjr\|rsj 

0^r\(>f    • 

h- 

I  xo'"-  -?-- 

— 

—  o-t  r  — 

OsJ 

fNtmr^i 

^J 

■^C 

r-u-if^ 

Q. 

^f^K-       f^  "O  "M 

<    •    »ZD        *Tf*"-o 

rrfMQ.         •    •    • 

t-  II  OOO 

do  iii 

OJ-—           i 

t- 

o*c 

LUO 

OfNj 

ati" 

rtlO 

OOJ 

•   • 

oat 

oo 

oo 

oo 


"V 

o^ 

> 

oc 

u        *3 

CL  >- 

oo 

n»-M 

o— 

o 

u-O 

^O 

or  en 

a  ai>- 

m-* 

t~  >D 

oc 

V 

oo 

U_U- 
QffX 


HO 


II     • 
wO 

I    i  in 

ODC 
Of^cr 

oomr- 
mr-  • 

43  wO 

O*   I 

Ow  * 

O      f^-wrf\ 

•  (T'O^ 
O      «nmrv 

O    •    •    af- 

I  o  o  o  o 
O   *  I    I  -. 

^o  -  -x< 

m<"\jr\)Csi<7- 

^t?-ooo 

^J  0*  I  IN 
"^XtL  O-O 
X  o  f**,  an  f\j 

tnnrjN  li- 
st,'- >J  ^  I 

*■*  cr-  4^f-  — 

T  vt  ■&*-* 

mo"*"" 

•  »orvi 

OOC  rr< 
r-OC 


—       OC' 


II 


X 

1     1   INJ 

a. 

Tn 

'OX'f> 

cc 

sT-*>rn 

~" 

r-  0<^» 

> 

C'f.r- 

QUh- 

X)r-l*0 

a: 

*K 

rOf^.J- 

.j 

>rj-i 

CO^MSn 

Q 

>  —    •    • 

,r\K     « 

C 

t-     ^o 

QhX 

.J 

.-. 

O  ^r- 

Op-M 

£ 

O 

_, 

•         C  r*     « 

at 

LL        (NiX) 

^i       iniu 

>       3< 

»        ~<T\    1 

jr\. 

r-o  sl  .^.  » 

_^ 

—    •   • 

i     *   •    .'j 

o  u  o  o  u- . 

f-   •.  »  »Jj 

K- 

W— <^sJ'  ^U 

< 

oc    C  '-— * 

^ 

«  1   1   IP 

-r  c  □  "  '  i 

-it  -^r  ■. 

-HO1    ^  "X 

Y 

3 

p4H 

LT  *J  -  .N-  J> 

r-sJJ*. 

r-*f*    Jr-'X 

>X^C 

-O^-Jr-  O 

XN^-h^ 

^     wo 

'M'VJfOfVj^ 

3          i 

•  o— <cr-* 

Ct>NO    • 

h> 

i  -r  (*i  o   -  — 

— 

—  r\ic_^:  — 

^      r-  t 

■JJ"'| 

_,     ^r  — 

Cr-ni 

a      u  ji- 

ff  f-  -r 

>  •  »i 

i      f  ~  -j- 

f*   NO. 

HCOC           i 

'Oil  — 

JO—               i 

94 


x     ooooo 


o.  h-  o 

»-  t-  o 

o  O  -i    ooooo 

z  s  Ul      

•  >    ooooo 

at 
< 
UJ  ooooo 

OC  z        •    .    .   .   . 

o    ooooo 


o    ooooo 

Q.  .     .     .     .     . 

ooooo 


o 

o 

o 

o 

o 

o 

-o 

« 

o 

X 

o 

X 

ill 

III 

o 

SCh-X 

o 

1-    — 
otKX 

oz» 

oo 

oz— 

oo 

>Ui 

oo 

>UI 

oo 

II 

XUi 

oo 

II 

XUI 

oo 

l-LUO 

invt 

l-LUO 

trim 

o 

zuz 

■** 

a 

zoz 

*••• 

Kl 

LU<t« 

oooo 

N 

LU«« 

oooo 

o 

z 

o_iv- 

•   •   •   • 

X 

O-lf- 

o 

(/>&■•/> 

oooo 

o 

l/IO-l/l 

oooo 

o 

«    — 

<    — 

• 

z    a 

o 

z    o 

o 

o 

o 

1 

o 

o 

o 

o 

*4 

** 

-»• 

o 

o 

o- 

• 

(/>   i/) 

o 

• 

W»      (/) 

rri 

o 

uliu 

• 

o 

</>»ui 

• 

OO- 

o 

oo— 

O 

or_»- 

oo 

ac-ji- 

-0>0 

1 

uu.- 

oo 

OU-M 

o*» 

II 

J& 

oo 

II 

oo 

oo 

oooo 

•«o 

aooo 

< 

<      Ul 

•   •   •   t 

H 

< 

XSJ 

II 

a. 

NNOO 

0- 

<      Ui 

■1WOO 

z 

IH> 

IN 

X 

x<4> 

<M 

in 

</> 

N 

z 

•»• 

o 

a 

z~ 

o 

<— »- 

OO 

• 

1-    < 

OOOO 

o 

UlO-J 

•   •  •   • 

XIU3 

ininoo 

H-WKJ 

(7-0- 

3-1 

1 

in 

«/> 

o 

M 

z 

o 

•* 

o 

o 

o> 

z«. 

o 

<— h- 

OO 

o 

K     « 

oooo 

o 

UIO-I 

•   •   •   • 

xuo 

ininoo 

►-I/IO 

a- (j. 

oo 

3-1 

1 

■c 

• 

o 

< 

o 

X 

ooooo 

X 

•   •   •  •   • 

< 

ooooo 

u 

ooooo 

o 

M 

>- 

•  •  •  •  • 

LU 

t- 

ooooo 

sr 

o 

II 

h- 

a. 

o 

o 

_i 

ooooo 

o 

o 

K 

UJ 

Ui 

z 

> 

ooooo 

o 

•— 

z 

l- 

o£ 

UI 

3 

< 

o 

o- 

LU 

ooooo 

1/1 

X 

a. 

r 

•    •    •    •    • 

UI 

o 

a 

ooooo 

-1 

o 

• 

< 

m 

>- 

o 

o 

•— 

o 

UJ 

</i 

UI 

a 

ooooo 

V) 

Q. 

a. 

ae 

<t 

ooooo 

< 
a 

-I 
UJ 

• 

-J 

coiMcrr-vO 

X 

< 

< 

ao<oiftintr\ 

Ui 

K 

X 

►- 

o 

X 

or 

l- 

■« 

ooooo 

O 

o 

> 

rjO^Hrt 

LL 

t/i 

0*MON 

o 

o 

X 

> 

z 

o 

h- 

ooooo 

• 

o 

1- 

1 

o 

o 

1- 

o 

z 

UJ 

o 

o 

iomcM*i«> 

in 

CO 

-J 

-^«n*** 

—1 

UJ 

< 

•— 

» 

> 

l- 

o 

— ■ 

x>z 

II 

-j 

o-o 

a. 

*-» 

■— 

o>- 

V) 

»- 

UIO< 

CD  OOOO 

K* 

-i 

3-JO 

OO 

•< 

3 

CtUiO 

*-  — • 

r- 

X 

»->_l 

1 

* 

t 

a. 

o 

Ui 

O  ~    «c>x  « 

O  _i    <»-o 

o  a.    x—  1-4 

o  —       oi-  vi 

O  l-      UIO<      OOOO     IM 

o  _i    z>  jo    o^o- 

•  s    atiuo        I 

o  x    - 
—           o 

•  a. 

o  ui 


OO0.I- 

Kasoo 
_  -  -t-m 

O  Kl-  »  » 

o  zzacac    o 

o  oo«      • 

•  aCccuiui    o 

m  u.u.orec 

«M  "•  ••••  * 

■o  •••• 

o 

3 

O.     O  ■  -ID 

ZUZ  o 

—  LULU  I-  Q  >- 

•J«J  —  O        •"  o  ooooo 


•  ••• 

o 

•  ••• 

o 

X 

o 

O      X 

• 

t-    a 

o 

O.H-      H- 

OOQ.I- 

KOSOO 

•  »*-!r 

•o 

l-h-  »  • 

rg 

zzacac 

o 

OCM< 

ororuiui 

o 

u.u.arar 

•  ••* 

•  *•• 

z 

»- 

__, 

a 

■om<>«* 

• 

a 

ooooo 

o 

LL 

z. 
a 

•  •  •  •  • 

O— *^4*4^4 

Mill 

(\i 

i- 

II 

m 

<mo>+» 

n 

z 

o 

*m-oo 

o 

Q- 

o 

ooooo 

1 

UI 

-1 
-I 

< 
cc 

» 

UI 

LL. 

co<\jwr->o 

o 

^ 

< 

o^mipin 

z 

z 

X 

-^-^^^— 4^^ 

< 

— 

X 

•     •     •     •     • 

o 

< 

OOOOO 

OL 

o 

1  1  1  1  1 

NOHHH 

O 
U. 

■0*CMO(M 

« 

UI 

>■ 

o. 

X 

t~ 

ooooo 
1  1  1  1 

X 

►- 

a. 

o 

UI 

o 

o 

irMnrg^m 

h- 

o 

H 

-1 

-Jm*J;J/ 

a. 

z 

LU 

•    •   •    •   • 

□ 

> 

—«.— l.-t^—* 

> 

1- 

l- 

3 

Z 

LL 

a. 

a 

■om«4}4r 

O 

X 

a 

o>oooo 

o 

95 


GZ- 

OOOO 

>u> 

oooo 

Iiu 

oooo 

t-  UJO 

t/Mril/MTt 

2U2 

^^-r>i- 

uJ<l< 

oooo 

i^Jl- 

t/iQ.l/1 

oooo 

<l       »-• 

2       Q 

.-•         t/1 


oc_Jl- 

O>*mc0 

i_>u-*- 

O^Od-t 

oo 

r-r-oeo 

.<o 

uninaco 

XOT-I 

•  •  •  • 

ai    -iwoo 


2-. 

<~t- 

OOOO 

>-      < 

oooo 

ujO-J 

•    •    *    • 

XOJO 

irtrtirvm 

»-*/>o 

(T'trUMf* 

3-1 

i       l 

X>Z 

11 

«Th~0 

I    MM 

u»- 

1/) 

IU(_)< 

Mf>JtJ*U- 

Kl 

J-iU 

f<HlH^ 

atu-O 

-*~4          | 

«->_( 

1 

ZZaca.     o 

u.u_ar:ar; 
»  »  *  • 

»  •  »  • 


a)  r*  —<        ■"•        »-         O  •■» 

>  oooooooooqqooopo«90oooooo«oooooci6HOo-ooNOOoooH 

-»  e 0000000000 ooo oooooooo a oooo oooooooo oooo ooooooo 
IT  I  I       I    I    I    I        I 

a  O  r-  0"  -J  s*  r- 

oooooooo  o  oooo  oooooooooooomoooo— oo-*ooir>oor\iaooo  org 

->-       • ...... .  •  • 

s  t-  oooooooooooooooooooooooooooooooooooooooooooooo 
t-J    —  I  I  I         I         I 

r-    o 

►-^  >©  m  m        r-         rj>         -o  r- 

0  -J  OOOOCOOOOOOOOOOOOOOOOOOOOmOOOONOOHOOr^OO(\jOOOOO(«l 
tr       u        .•••««.««.#••»»•••••••..•«•«.««.....«...«.»*.. 

>  oooooooo oooo oooooooo ooooooo oooo oooo ooooooooooo 

III 
or 

1  *  r\i  -•  .#  a>  O  — i 
Uj  OOOOOOOOOOOOOOOOOOOOOOOOO»OOOO0'OO(COO«OOr-OOOOOuj 
a      Z .   .  . .  . 

0  oooooooooooooooo-^ocooooooooooooooooooooooooooo 

•  •-  I  I  I  I  I  I  I 
<»    r- 

(/i  &  m  .^        ir>         T1        cc  ur 

c     oooooooooooooooo»r*oooooooor~oooor>ooo>oorjooor-ooooogi 

Q.  ■••••••••■■••••■■•••••■•«•••••••••■••••■•••••• 

oooooooooooooooooooooooooooooooo oooo ooooooo ooo 

w  — *     u  ■         — <         — •         r  -         O  m 

«j  *  -•     <x         cr         o        o        a  a 

J-       00000  000  0  0  000000-<OCJOOOOCJO-*000000  0  — 00-<00-iOOOOOO 

1      • 

<  OOO OOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO OOOOOOOOOOO 

IT 

m  <►    m        a>        m        m        ir»  m 

O  OOOOOOOO  0  000000-*OOOOOOOOr\JO-*OOmOOinOO>OOOOOOOOir»0 

>  •••••• • •• • 

t-      OOOOOOOOOOO  OOOO  OOOO  OOOOOOOO  OOOOOOOO  OOO  OOOOOOOO 

—  I  II 
o 

a.   O  m              .*  eg    f>    r-    c/>    .J"        X' 

O   _l  OOOOOOOOOOOOOOOOOOOOOOOOOrgOUIOOCMOOOOO-jOOMOOOOmo 

I-   UJ    • • • •  ••••• 

>  OOOOOO OOOOOOOO OOOOOO OOOOOOO OOOOOOOOOOOOOOOOOOO 

III 

at 

<  m  m     m        ,t        .n        o        •-<  *t 

uj  o  oooo  oooo  oooo  ooo^oo  ooo  ooooooooo»ooa>o  or-  oot-  ooo  or-  o 

a.     z  ••....»•.........•....... • 

o  oooooooooooooooooooooaooo-<o-<coooooooocoooooooo 

m    h- 

l/>  o  .-<     m        o         t-         o        o  *m 

o    ooooooooooooeooojjooooooooh-ooooffcofroofl  oocoooocr-o 

Q.         ••• • •••••• 

oooooooooooooooooooooooooooooooooooooooooooooo 

•         MMMMMnMMMMMnnMMMMMMMMMMMMMMMMMMnMMMMMMa-IMMnMt-ll-ln 

•-•cgo^r-  fi^i*irj^o     r-     r-r- ^u>^«irvj«*-     oog>     f*     «r     eg        ~t    N^ir-tiflioN^^oa 

<  r-*omi/>i/M/>»fMn»/Mr\     cr-     •J/g>mgr,sr,j*g)-^     gfmr-     r-     *o     gj         -o     ogcgrgogcgrgrgrgcgrg<-' 

<  oooooooo oooooooooooooooooooooooo ooooooooooo ooo 

o 

mrgtrtrgr-^utgsmir.     o     4trjrmf>o~.r-*r\     or-gi     m     b     n        g3     mr-ocrr-egr-cro  eg** 

(M^fO-om^^^^*sto^o-o>tr'^M(NiONOmr->ooHOfflOooooo^o<,joo^ooo^M 

3         V ■■ i.... 

o  r-  oooooooooooooooooooooooooooooooooooooooooooooo 
>-    —     I  I  I      I      I      I  I  I  I  I  I  I  I  I  I  I  I  I  I 

I-     o 

o  o  coin^oooaOiA^  O  oo.-.irtr-aomo  mom  m  r-  tj  — t  rjoir* -tr  T>»Trju  r 
<c     —J     r*i^mfsjoD<r«i«Ot*-rf-Oi-^o.^^^rnmr-»nr-OOrg*cooo^^orgO(MOO(NOr-mO*o>r-u>^5r-ooa)oD 

UJ         ••••••«••■•••••••••■••••••••••••••••••••••,•••« 

»      >      O000000O00000O0000O00O000OO0-<O.-.O0000.-*0OOO00OOO 

r-  II                                      I  I  I  I  I  I  I      I             I 

z 

O  nggjiftaoroccooorgcx)     -o     ^<cff  ^(0«MOr*     >jr.j-o     eg     %j-     **         m     •-«r-mu">m-ir>|-mr'-ir\io 

ac  f-egm^Googjmr-r-oir.og},*  mm^tNN^  om>oa>oooo  o~.oooo.-4.-*-*.-..- ..-.— ..-.^..-i—i 

a.     Z       •• •• 

a  ooooooooooo  oooaaoooooooooo-c  a— ,o—.oo~.o—-.— —...■.-.,-.—■„..-<_ 

•  —  I  I  I  I  I  I  I  I  I  I   I   I  I  I  I  I  I  I  I   III   I   I   I  I   I  I  I  I  I  I  I  I  I  I  I 

CM   t- 

co  Off>f>-ooo><-oDooo  o  o-vi)0(<i-t«)fjr>  grino*  r-  irt  ^  o  gggrao.-.mr-omu.g3<» 
o  m_«*j~<a>u*u>rri>o~40u>oo  ---.<*•  ^■y>r-aoo^rMir  or-  or-  o^ooooo^c^r-r-^uMn^rorsj^ 
a         •••«••••••••••••«•••••#••••••••••••••••••••••• 

M^HIMHHr.HH^OHOp.H^H^p.H^OniN^OOO^U'.OO^UOOOOOOOOOOO 

•^fMO*r-<o^rmrM^o     r-     r-r-'0(r>-4-mfg^     uo»*     rg     Nrrri     o     cr  tr«grmmr\j**oocr- 

<  r-<ouM/Mr>tnu>iT(inm     o*     gr^mgr^r^^r^^     *rmr-     o     mm     >o    r-  rgrgrgrvrsjrgrNjcu-* 

r   ••• ••••••••• 

<  oooooooooooooooooooooooooooooooooooooooooooooo 
o  I  I  I  I  I  I  I  I  I  I   I   I  I  I  I  I  I  I  I   III   I   II   I   I     I  I  I  I  I  I  I  I  I 

•»mir*mmr\jsji>omo     _.     ^cmto^^-o*     or-«c     t-     <ji/>     o     co  mmm^-Ajr-org^r 

(v*^uoo-^^^rt^oHO>0'li-cg^Ptiorgo^r'vODuomrtooooooOifNoooOH^^ 

>  • •••••••••••••••••••• • 

t-     ooooooooooooooooooooooooooo OOOOOOOOOOOOOOOOOOO 

—  I  I  I  I  I   I  I  I  I   I  I  I   I   I  I   I 

CL    O 

C  O  it*  ^o<-»  00s  0  0^(7- mo  o*  rr'O'N'Or-eorro  -oo-r  o  o^^  o*  oo  ^fflr-rrwo*.^* 
r-  -j  rsj^-mr*jr-cr  mtn^*oooo^t^(flf-ioh^oNJ)a)o^oo-to*\jomoooN>omtftOMDop(0 

UJ    ■•••••••••••••••••••!•••#••••••••••  •••«••••••• 

•  >  oooooooooooooooooooooooooooo-*-«o-.ooooo—'Ooooaooo 
t-  II  I  I  I  I  I  I  I      I 

z 

O  rxjoi^onr-oc-Ooorao*     o     ^-o(rif>oD--*ON     J/J/O     o     r-r-     .o     rg  r--oif\»t  j>mmrgo 

u.  Z   • 

O   OOOOO  OOOOOOOO  OOOOOOOO  00  000-«00-'0^0-<000-*-«-*-<-*-«-*-h-* 

-^     I- 

^/>  ^coo«oos'f  aor-ir»  o  laotrmgrr-rgo*  grmo  a>  J/o  o  m  o*«-.^rr-orvj>j--o  jo 
o  fNj^^r- 1^<»  st  o  m  >oho  m  o  o^-*  o  «*  <t  o*  r-<ro-^rgooo  or-  r-o  ^tooooo  or-  r-.OtfM/>.tmcg^ 
a        • •  •  •  • .it 


9< 


X  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOxOOOOOOOOx 

X        

<  oooooooooooooooooooooooooooooooooooooooooooooo 

O  III 

•  ■*  •* 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOrgOOOOOOOOrg 

>  ................................... 

X  f-  oooooooooooooooooooooooooooooooooooooooooooooo 

U   —  I 

•-  o 

►-  o  »<        in            — 

O  -J  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-tOOOOOOOOt- 

a)  iu  •••••••••••••••••••••••••••••••••••••••••••••• 

>  oooooooooooooooooooooooooooooooooooo—ooooooooo 

« 

IU  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOINOOOOOOOOCI 

oc   Z    •••••••••• 

o  000000000000000000000000000000000000-000000000 

•  —  III 

■r  r- 

</>  t-                 m           ■# 

O  O00O0OO00OO00000000000O0OO00O0m00000r\l00O000O0f» 

o.  •  •  •  t  •••••••••••••••••••••••••••••••••••••••••  • 

oooooooooooooooooooooooooooooooooooo-oooooooo- 


eri-X 

or— 

oooo 

>UJ 

oooo 

II 

XUJ 

oooo 

l-UJO 

miTlUMn 

o 

Zl_>r 

*■*♦* 

•*J 

UJ«< 

OOOO 

■*• 

X 

o_«- 

IT. 

voaw 

oooo 

O 

<     •« 

z    o 

O 

o 

1 

o 

o 

IN 

o 

-»• 

l/l    </> 

\r 

o 

^OXUJ 

• 

oo— 

— < 

oc_»- 

I-MC-1M 

1 

Uli- 

ooi~+ 

II 

uu 

OOCOt^ 

•  «o 

mmr-f* 

■a 

<      UJ 

n 

a. 

— OO 

T 

I   u3> 

IN 

X   OOOOOOOOOOOOOOOOPOOOOOOOOOOOOOOOOpiaOOOO^OOOOOO 
X • 

<   OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOO OOO OOOO 

o 

m                     «*       ** 
0000000000000000*00  oooooooooooooomooooomoooooo 
>   

►-  oooooooooooooooooooooooooooooooooooooooooooooo 


>  oooooooooooooooooooooooooooooooooooooooooooooo 

m                     m       r- 
oo  oooo  ooooooooooo-oo  oooo  ooooooooooa>ooooou->oo  oooo 
z  • • 

o  oooooooooooooooooooooooooooooooooooooooooooooo 

i/>  1*1  h»         m 

O  OOOOOOOOOOOOOOOOffOOOOOOOOOOOOOOOO+OOOOOOOOOOOO 

o. 

ooooooooooooooooooooooooo oooo oooomoooooooo oooo 


<».►- 

oooo 

o 

►-    « 

oooo 

i 

ujO-/ 

•   •   •   . 

TOO 

mminm 

^t/>0 

o>o>mm 

w 

3-1 

l      1 

IN 

< 

in 

u 

O 

1 

HN*s«*nwMrtO  r-  r-t-> ott^oiNf  off*  ><  <o  oi  -•  r-<o«*  ♦  r*  » 
«  F>4>inminmmminm  o-  gr-tm-*.*.*.*  —  *mr-  r-  4>  <o  -o  mcm-i-in  *  *  m 
X    o»<i-i ii  «i  weNO^HO^-'Hrfinei<HNOweNO'Moo»»OH'<N^eiMo^oftio 

«   OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o 


T  T  TTi 

O    S  *<rm.o-»'-or-*-*-«ri     o     «oto»i«-in*     <\irMO>     —     in     o        <o     rj>f-.*r-     o     o>     >© 

tt      -J  *-HMO^tf>-^m*ONONf-ff*-.(^10O0NminOOOI0ONOOirOOONN0-iOr-O- o 

111  .............................................. 

•  >  0-.000000000000000.-00000000000000000000000000— o 
"-  I  I  I  I  I  I        I  I     I     I      I  II 
z 

O  CTrgoocrr-tMnmN    <r    i-o<no<n<n<n~    -**rg    in    o    in        o    coi-injc     -*     <c     — i 

ec  «^(C-Offtfy-r'H^so^oi*ffl«0-^oa.oO(cmfyo^iONO-iOONOir(^*Lno^oaio^o 

u.     z 

O  O-OOOOOOOOOOOOOOOhhOOOOOOO-iOOOOOOOOOOOOOOOOO-  o 

t   x  I  I  I  •  I  I  •  I  I  I     I    I  I  I  I  I  I  I  I     III     I     I     I       I     I  I  I  I    I     I     I 

O.   I——  •*  «N«N*«.*OifM.«*NJ»4*gO~.OININP>l«-|fM— .,  '■  lO^HHQOO^OMOOmOIMNMMONONOMO 

►»    \Jt-  ft 

>-     ulO«  -e-er-a>  mi 

-3    olujo     — —      i  «o»f-«*miM*o    r-    r*r»4>i(\<m<M«    ov«    eg    gj-m    o    <r  mgro    m    m<r 

X     >->_i         I  <  f-«Dir\iriirimmmmm    o>     **m****-.     gfmr-     o    mm     41     f»  nn<o     *     — in 

X  OONl  I    li  >  li  li  <    lOWOrtHOiMHHrtNONHNO^OHrfO'MOWOOOp.HOONOOIMO 

a.  x  •• • • 

UJ  <  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

£■  19  I  I  I  I  •  I  I  I  I  I   I   I  I  I  I  I  I  I  I   I  •  I   I   I  I   I   I      I  I  I   I   I  I 

o^flO*^mo«»^    rsi     oo>o^)moim<j     omh     m     mm     o*     >o  mr-co     in     ooo 

ir\K>-«r-o-<m— *  mooo* -*■«•-<  ogr  oc\iOK\«HO<ioOrt0^orjooo— "moooi^-io 

>■  • 

►-  oooooooooooooooooooooooooooooooooooooooooooooo 
-II    I  I  I  I  I     I  I  I  I  II    II     III     II 

a.  o 

O    o  *m«\*iii«i«Wii*    r~     oir\a>or-miNiN     *-.r-     rg    mm    <o    m  gxs*    rg    ooo- 

r-    _j  «NmO'C'0>«nN'#oooa'COin«iMhooNM>io«oO'OOmo>.oooHiMMOHor>Na 

ui  .............................................. 

•  >  o— ooooooooooooo— oooooooooooo-.ooooooooooooooo.-o 
I-        I  I  I  I  I  I   I  III     I  I  I  I         I 

O  o*KM>g}mf>g>o>m    f»    onoir«09     guinea    m    r-<N    r-    m  o*r-    «    <*•* 

at  ^oooNN*(iin<ioifioeoeoi^ffoomo»inHo<oONO-io+ooor-«i»oifOf"iMO 

U-   Z 

o  OrtoooaoooaooooooooriHoooooaooooaoooooooooooooHo 

(/»  miMffmgjrg-tOgjff     m     —  a>— ■♦•oinisiin     — imim     —    r~r-     o«     »  r~o~*    a>     »«* 

O  mio*o«>«Mn»^ohOONO»'0-**oiM-i<ioiMO^<o«ioinoooiMinNO*0'OhO 

a.  .••...••..•••.........•. 

f\JM^-i-lfJ-lf\WNO^OI«INm^^-i--iO-«^"iO^O-'^O^OfMOOONIvJOOOOW-'0 


•  ••• 

* 

•  ••* 

■» 

X 

o 

O      X 

»-    o 

o 

a.»-    v- 

OOil- 

l-OOO 

•  rf-m 

■» 

»-►-  •  » 

-^ 

ZZKK 

o 

oo<« 

aeocuiuj 

»4 

U.U.OCK 

•  ••« 

•  ••• 

97 


CZ~ 

oooo 

>UJ 

oooo 

iui 

oooo 

►-UJO 

mmiAiA 

zoz 

-r -!■-*>«■ 

iu«J< 

oooo 

o_jc- 

000  1/) 

oooo 

<»     «— 

<  w                o                         •* 

*  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOimOOOOOhOOOOOOOO- 

z 

«J  oooooooooooooooooooooooooooooooooooooooooooooo 

O  III 

r\j  so  a. 

ooooooooooooooooooooooooooooooinooooo^ooooooooo 

>      • 

t    t-  oooooooooooooooooooooooooooooooooooooooooooooc 

LJ   —  II 

I-  o 

f-  O  fM         O              IT 

O   -J  O00000000000000000000000000000000000m00000000»j 

a-  uj  .««.««...«..•......•««.«»«•«...«««••■.••»•.... 

>  oooooooooooooooooooooooooooooooooocooooooooooo 

I  I 

K 

<  a*        co            h- 

Ul  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-OOOOOtMOOOOOOOOJ 

an  Z 

O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

•    —  III 

■»•    H- 

co  *-*                     o                                *nj 

O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-OOOOOOOOt- 

a        • • •••• • 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOmoOOOOOOO— 


I  O00O0O000000  000CJ000  0  0O0OCJ00000O00  —  oouoo-roooooo 

z      ••• • • 

<  ooooooooooooooooooooooooooooooooooooocooocjoooo 

o 

CO  &• 

ooooooooooooooooooooooooooooooooooooooo—oooooo 
>-      • • 

i-  ooooooooootrooooooooooooooooooooooooooooooooooo 

•-  I                  I 
<_> 

a     c  oo                  I- 

o    _i  ooooooooooooooooooooooooooooooooor^oooooaooooooo 

I-      uj        • 

>  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOTOOOOOOOOOOO 

Q£ 

UJ  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOfMOOOOOOOOOOOO 

a.   Z   • 

O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO—OOOOOO 


uj  o  ooooocoooooonoooooooooooooooooooo^ocnnoDoooooo 

UJ  O.         .•..•.....•••••••«.....•...•■•..•..••.••.•.... 

x  ooooooooo  oooo  oooooooooooooooooo  oooo  oooo-«oooooo 
to 

X  •  .-■_»*»»«.■-■».  _____,_.-„„_».„—..■-„__  M_mi-u- .  —  «.-.-.-..-.—  •—.«««»-»»►.»-.-»- 

uj  ^f\io^f>-so^jvf^'M^.o    r»    r^^-joi^^mfNj^J/     o(>>t    **     >©    <vj        **    f-<>eo4     #    ■■*    o* 

t—  <  r-sOiAirMninirMfvwMn     o     ^^j-m-j/^-J/^i-t     .J/mr-     r-     -c     *lj         *o     (minj^-oj     4-     **     m 

O  I 

>  <  oooooooooooooooooooooooooooooooooooocooooooooo 

o 

4-^o-^K'O^crrgafvj     o     OinooiO~.-4,ao     o^f^     0">     a     m        r-     hoi^n     — i     ec     f-- 

ONO(flll\mO^HOO^OOHO0O0HMCmryOO^OHONOOOOOffi<00O^OOOOO 

I     > 

0  t-  oooooooooooooooooooooooooooooooooooooooooooooo 
I-    —  I      I      I   I   I   I  I  I  I  II         I      I  I  I  I      I      I 

h-       O 

U     O  ^a-r-r^OO'm.a-rsj.-i     ^      ^.m^m^rvj  — ic      pgm,o     m      rn     ~«  o*      _irg.£itri     —•     co      m 

ao     _J  r^^->Oe^^Om«»^rgOrgOoOfsj>org^O*m^Ofn^f\jOcoor^o-*-OOf*oo*M<s»'00(r'OoO>oo 

UJ  .•...•......•••••...#..•.••..........■.•...... 

»      >  OOOjOO^OOOOOOOOOOOOO-O^OOOOOOOOOOOOOOOOOOOOOO 

I-  II  I  I      I      I  I  I  I  I      I  I         I      I      I  I      I      I      I 

z 

a  corgr-^r^  oc<so^     o*     r-jcr  *o~- •CT'^^-u^     aoo     m     u"\     *o        ~»     ^p-oo1     »n     \t\     o 

01  r>joeoirir--«Oir»OcD4-omOcgr\io  ,t  hhianOniaO^O^iOOOi*!  oo^o  w>  coin  cnjo-*o<\jO**o 
a       Z 

O  OOOMOO^nOOOOOOOOOO^OHOririOIJHOHQOOOOOOOOOOOOOOOO 

.    —  I  I  I  I  I  I  I  I  I  I      I      II      I  I  I  I  I      III      I      I      I         I      I  I  I  I      I      I      I 

f\J    *- 

co  o>**coirioccom(\j.t    <ni    ci->ooc>jO"©<d    rsir-.H    ■*■     o     co        r-     ocgrgm    -*    **    u^ 

u  fvj'O^r^rgmr-fvj^r^or-o^OfOomr^comooeDoooou-io^oo^o^o^O'Ou^ou^ooo 

r\jmrMm^wf\j^i\ic0Or*O'Mmmr<jm«Nj.-»r\iom<M-*omo.*o.-«oo<\iOfNji-«~«-*o— "Ofyomo 

— «ocr  r-<j>fmrM— to      r-     r»f-*ol/>-«  mc\j.#      uc^^      ^M     4m      o     cr  »r\4"0     m     mcf 

I  <  r-aoinvMriu>tninuMO     C     •jf-rm^^-j/'-jj*-*     4-mr-     o     mm     .o     ^  rgf\j*o     4*     «-*m 

X  > ••••••• 

<  oooooooooooooooooooooooooooooooooooooooooooooo 

O  I    I    I    I    I    I    I    I    I    I         I         I    I    I    I    I    I    I    I         III         I         II         I         I  III         I         II 

#*  #♦      cd  4mp»mf»ir\0"mcc-*     m     r*  m  u"\  4  o  *o  a- r\i     co*)     4-     ct-~i     m     co  --ump     r\j     oor- 

*»##       m  ClHOIflOflO>0rtNOOO-4OOMlM^NOO^^OOOOUl^OUOOOOOMHOOUOOft(O 

i         •-•  >-  

c i      •  ►-  oooooooooooooooooooooooooooooooooooooooooooooo 

t-       T       O  —  III  I         I  I     I    I    I    I         I    I  I  II  I 

an-     ►-  a.     u 

OCQ.I-  o     o  cririmrg^.^jr-mtor^     u>     -^-^■orfMr-cDt^eo     -*o*cg     o     om     -^     .^  oo>r-*     t/>     fM4 

l-OJOO  ►-       —I  OMnN^0^^(SJU\O^O'0tftO^i-*NNOO0*«0'O00N0O(«OfyO0O'MI"0O0O(7'l«0 

«»t-cc     r^  ui  •••.•••••••••••••••••••••••••••.••••.»•••••••• 

i~k-   -  »     O  •      >  000-<00-<0000000000000000w000000000000000.-»000000 

zzaror    o  h-  •  I  i  I  i  i  i      i      i  i  i  i 

CJO<«        •  z 

acarujuj     —•  o  rn^or-fNimooc^-m     r\i     rMcr^meoo^.O     ^^cnjia     r*     ^--o     «n     r-  \p~o-*     -o     ^"^ 

u-u  ocor  a  inr\j'7»<NjaDcofsiin4-r\joa50'Hc\jr^'0'rtp-m-^o.^«r<MO-^oor*-ooo>j'00o*o<\j(\jooo^^mo 

#»»»  u.      z  • 

.   ...  O  000-<OOrtOOOOOOOOOOOOO'.t)''—000''0000000000-0-0000 

j  co  <\J0icvjcsj.©or-0"rMO     m     oon^oi^^<o     mr-co     r-     om     u>     m  mmao     co     (M<o 

o  C  J3<\imw**^*00'^i/>or>o>J'NO'JJ"-*00'McT'moKr'-CT'Of-00''>o-*ocDOOO»rit"--*o^o<omo 

a  o. • 

O  ^*m(Njm-*.-*rsjO-^-*0— .O-JJ-r'''**  (NJNI^MftJONN*-'OI"O^^O^OMOOON^ftJOOO^'*,0 


V11UJ 

on.— 

«_tl- 

^mr--* 

JU.H 

r^t»^o 

OO 

irsc^oo 

.Mi. 

-f  j-ca' 

X  T_l 

•  ■  •  • 

■a— I- 

OOOO 

i-     < 

oooo 

ijjO-i 

IUJ3 

tfMPl/MP 

t— COO 

(TIMJMr 

13  —J 

1          1 

X>Z 

<i-o 

I  — — 

o>- 

ujO«» 

unnmm 

-)_ll_) 

^^^trgfNj 

a  u.u 

—  —       | 

.;8 


6 


I 


oooooooooooooooooooooooooooooooooooooooooooo 

ooooooooo^•^^^^^^^»^^•^^♦^s^<^^^v»^JC^^*^J<^J^g<^J^g«<»fn«^^<><^^*>fOfOfo<0'4•^'4■'^,•*■ 
oooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooo 


* 

* 
* 

* 

* 

* 

* 

« 

* 

* 

* 
* 
* 

* 
* 
* 
* 

* 

* 
* 

* 

* 
* 

* 
* 
* 
* 

* 
* 

* 
« 

# 

# 

* 

* 
* 
# 
* 

* 

* 
* 

* 


LO 

oz 

zo 

cOH 

o 

LUm 

<•- 

20 
o 

ujx 

X 

hi 

o-> 

z 

*■*      • 
xzz 

<oo 

OQC< 

rgcOX 
—  QC 
U.O 
COOLL 
UJ 
«-i>-UJ 

•HQ< 

t-LUjR 

acx 
OHO 

>    z 

COUJ 
H-UJO 

OIZ 
moo—" 

->    o 
acoiu 

LUZLU 

►-•-U. 
ZQ 

MlUU 

UJ1-1      u. 
XU.QC      O 

<    H 

aujuj     z 

ScflE  2 

aczv    k 

Cl— .CO      1-1 
»/><      Z 

CO  •-• 

■-iUJCX      u. 

no    uu 


o 

o 


3 

a. 

z 


CO 


x 
< 
z 


CO 

a: 

UJ 


< 

< 
a 


m    —  UJ 

!-«•-«  X      » 

*  ^  o»-* 

^    <  ect- 

*    <  o«-> 

•     P>J  U.Z 

— «    o  coo. 

*  •  Z>> 

*  —  o 

o     «-»  •— <   •» 

»-«       »  co^ 

*  -«  Z«-4 

»    -0  ui  + 

1><\J<  XH 

•a^  oz 

co    »CO  <m* 

*»-0  •!- 


U.   » 


o 


o 
o 

rsl 


3 
a 

o 


•  «co 

COCO** 

LULU 
LULU—I 

00 

LULU  CO 

OQD 


*co-«  >— . 

•CD.-.  Zh 

>     *  •<  JZ 

u.      -as— .  <w 

Z<\jinfsj  •  3.1 

•o^  •— •  aro 

LOO    »CD— .  LUO 

o  ••♦»-•■*  o 

•O   *  »— «  CO  •> 

iu  ►iCMr—  xi- 

-»  »NOQH  U.Z 

OCO*:<\l  •  »  O— » 

— »<\|<M  •»^-»»-l  0. 

>tu»  »^o>-x  z 

f-tOf\i    *HL><  < 

«■»  »<s4—  3*004  • 

X—  »vO  *KICO  U.        • 

zocomoo  ».Q  M     —> 

^•LL    »M   k^H  OUJH- 

«*'"J«-«^t,-0  »        oc»-» 

HSNUi^NH  U.<Z 

#lu  »    ~  c^o— corvj— <\jji:w«  o    *- 

#HO      <MOQ^O*-»«jX<QJ   •     X  «/><\l 

*z*-    <->  ►uo<a-jai-<>ouj<  to>o 

ZZUJXUJX     *"-i^     0-»     ^H  •>     JojI^uh  Z<0 

*H«ON»ti-aats\\»ujo  •-»*•.    ook     niz 

11  it  11      11         *<— x>—  "-nJ-x      •    at  ur\«j  •>  to<[—     cmolo     lt>w< 

«uujv>-»"-uj>i-h-ooujzzz»-^*-»  Z    rH       4"-»    «-    a 

h-OQH-      CD  *  hjZNX  J#  Q#  OQOO^>H  LULU*        H       J  UJ 

«o    o       *«jo.uj»-»<a_j<«4Ujr zt  •— •—  x-Jt-    hhujqcoh>^ 

HK<     <         AaXXwHKhO-XZZ^SX  •"•«•-•     >>-XUJ<»-«_J 

lulu*-     h-         *  ZOmOU)0(UUIUZOOOhO<  Q<Z     ll«<^luql< 
HO      O          #mUQ<OOI£0.(£ml)OUXUI«  -.*•      ZZZZKZU 

1-1-CL    a.       *    u    00       o  o    u  luqc^  o 

#  x<o 

*  >->o 


OLUOUJ 

zzzaza 
oo-z«z 
«-l»--J*--J«-* 
»->->--J>»-J 
<-«»-»o>,o> 
to*/)  o  o 
ooll  u. 
aaoxox 
o  o 
cxctKcch-cx: 
«ZU.ZU. 
-J-JLU       UJ 

D30>-0> 

ooot<a< 


*  ")UI^  •»  »  »o 

»    •0COOWM-.-4' 
*»-.-.     X~o-< 

*LU   *      0<*»Q 
#0^  »<NJ-J    * 


CO 

a 

< 
»- 
o 
a 


a 

< 

o 

o. 

•> 
CO 

< 

K 
UJ 

X 


UJ 

X 


a    Da 

Z     Q.Z-J 

«— 1       Z'-'LU 


ououuuuuuuouuuuo 


00000 


99 


ccooo 
ir  «o  r-  or  c> 

OOOOO 
OOOOO 

ooooo 
ooooo 
ooooo 


ooo 
0«-»<m 

IT  IP  if . 

OuO 

ooo 
ooo 
ooo 
coo 


ooo 

ITMTltf  \ 

ooo 
ooo 
ooo 
ooo 
ooo 


ooooo 

^or^-oncro 

iT'lTilTilTivO 

ooooo 
ooooo 
ooooo 
ooooo 
ooooo 


coo 

>C  •CO 

ooo 

OOO 

ooo 
ooo 
ooo 


ooooo 

ooooo 
ooooo 
ooooo 
ooooo 
ooooo 


oooooo 
crOr-HCsim^- 
>or-  r-r-r-r»- 
oooooo 
oooooo 
oooooo 
oooooo 
oooooo 


ooo 

ooo 
ooo 
ooo 
ooo 

ooo 


ooooo 

^-h-  00  00  00 

ooooo 
ooooo 
ooooo 
ooooo 
ooooo 


ocooooc 
c~i4-u-N>or*-cor> 

00 00  00 oc  oooooo 
OOOOOOO 

ooooooo 
ooooooo 
ooooooo 
ooooooo 


OOO 

Oi-trvj 
cr  c»a 
ooo 
ooo 
ooo 
ooo 
ooo 


t 

00 

LL) 

00 

c 

Q. 
CC 

3 

a. 

o 


o 

-1 
a. 

3C 

— • 

«— . 

r-\ 

CD 

CD 

U- 

«^ 

«■* 

Z 

Z 

OO 

•— « 

>— • 

r- 

OO 

00 

Z 

c 

Q 

M 

— 

— 

«■» 

» 

» 

C 

-~ 

— 

— 

-«. 

— 

CL 

< 

h- 

X 

CD 

X 

00 

< 

< 

— 

— 

UJ 

— 

w 

— 

00 

OO 

-J 

Z 

z 

Z 

O 

o 

o 

*■* 

c 

M 

t-ri 

O 

o 

cc 

00 

a 

00 

OO 

o 

o 

—* 

» 

-.-.,—. 

m 

oc 

OO 

— 

— 

o 

— » 

morvo 

O 

c  ► 

o  » 

X 

X 

< 

•  •  • 

r- 

o— 

o— 

-J 

«j 

_J 

00 

fvirvjO 

cr 

•  1- 

•  CO 

a. 

a. 

< 

— 

1 

cc 

o< 

o< 

s: 

r 

— 1 

CO 

•>  •>  « 

un 

00  — 

oo— 

o 

o 

t- 

o 

OOO 

r- 

m 

•-•O0  — 

-♦00  — 

o— 

o— 

z 

O 

•  •  • 

> 

m 

VOHsOcOO*  — * 

o»  f\l 

UJ 

CO 

w 

HH^ 

• 

LL 

*0« 

iwUN 

1  <-*  O  is)  O  r-  isj  O  CD  *g 

Qt 

Z 

X 

1  t 

00 

z              oooo 

fMaaOw 

■aa— 

OQ- 

oo— 

UJ 

OO 

■h 

_l 

>- 

•ooo    oooo 

<\i    cr#  *  —  o**-o 

•<o 

•<o 

U- 

Z 

l-l 

a 

< 

«-»ooo    oooo 

hOi^Oh  X->cOX->rr>>--3rOK  -> 

X 

>* 

z 

UN 

a. 

ooo       •  •  •  • 

O                 I  IL^Q<J2<-JZSJZNU2 

3 

►^ 

II 

o 

—»*»<■» 

a 

II    •  •  •    ooooo 

c\j           o*  401-aohao 

•—O-O 

—  ao 

O 

Q. 

•— II 

1/0       UJ 

— «<\jm 

< 

•—OOOUJ                        • 

r-lf-t           >fO          OJH 

•  JJZiOUjXutQ.'f  o 

Q-  +  o 

CC 

ttO 

♦ HD+++ 

3  II    II    II    H  O 

II        fMO    »UJ    tCMlUC 

ilUC  1  r-O*  SCO 

M 

rs»0 

*r-« 

<  — ZcOcOcO 

UJ 

<N»H   H  N  ZX.XZZ 

ii  ii »-  li          — <     on 

■    — ■  <•  . >     ii  ii       ii 

r-O 

r-O 

r-i^i 

Co,  "VI 
<       H 
II  X 

u 

r-  »oowmhzzz 

Kl 

O— —  •-><<— »■—  M 

r~cu<— if™  II    II         II         ii              h 
ZZIi-J>  II  OO  II  ON)  ||    M   X 

II  -•* 

1  II    II  X        II  X 

UJ 

II 

h  o.ZQ.aa. 

-J 

w-~-Zw(\w-frg-< 

^^uaau.i;o«' 

-«l—  »—  >—  XXJCQ  ||  •-*'-l  II  0\|(M 

r- 

00  ||  <u<uoouu 

< 

Ou.kL>OUUOO'» 

«—  — i  ir  z  z  z  uj  u  a.  a.  <  >si  inj  <  m  ~m 

Xrvli^Xrsjfsl 

< 

^:  oo  oo  o  oo  m  o  isi  »si  kj 

— i 

QMOUOOOCOh 

_j 

r- 

O 

t-l 

!—• 

r\j 

O 

o 

z 

O 

-J 

«-i 

— 

^^ 

ooo 

ooo 

100 


oooooooooooooooooooooooooooooooooooooooooooooooo 

(ji^OiOi^C^OOOOOOOOOOH^HHHHi-tHHHNNNNNNNNNNOWmfOfnfnWlflWfOit 

oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 

* 
* 
* 

* 
* 

* 
* 
* 

* 

* 
* 

* 

*  —      — 

•      —  — —  *      ♦ 

o.      ->o— ot-eo  »-       eo 

O  (SOC&OI^Ki  -"»  INI  »Nl 

O  -*0<MO*»  *t  f\l      «-  CM      — 

J  Ni    »INI    •H-CO  »  #        "N,  #        <N 

o  — *  I  «nj  I  —  ^  —    o  —    o 

Q  Kia0iNjCON,N»  *»      OO  — •      O  -»      O 

I  rsj  I  hoo  a:     OO  A       •  eo       • 


< 

X 


OKIOKIOO 

o«o*oo 

OhOO  •  • 
•«n)   *nh>^ 


z 
a 


o 
o 


O 

UJ 

ac 


< 
-J 

o 


X 
UJ 

QC 

o 

> 


0\-»N-00 

moNONoo 

OO I O I • • 

•  OH-O0D*-4f-l 

O   *fM   •ini—— 

ii  i  —  i  »5d 

NONOOOH^ 

mi         hhOAOOO  •  • 
*Z  OINI    «IN|    •   •   •*-£> 

*  ^        o»  I  *  I    •  •— "- 

*  OZ-ffl-IDOO  O 
C4#  II       O  «.-4tMC\|«-«Oao>0*     2 

i»*~      OK'N?N4»Nl»MOO«-««-«      •-• 
#—o   «o  I  *   I  *   •  »~*-*     X 
O*       OO   «K<NCD^OO^h      O 

•♦^O       H«N)INj»N»IN)w»*** 
f\J#  fO     •  II   <-•"-.«-— 

»«-«^H-'—  N  It  -J -J 

II  *  O       II   II    II   II       in_J-J      UJ 

K#o  ii  3u.«-»rgro-4-r-^<^    k 

*  -J 

*  m  o 

*  4-  o 

#  m*  -J 

*  < 


UJ      OO  —i      — <  (M      H 

^         •   •  isj      —  Kl      — 

Z    oocursj        #ni  «ni 

-«*0     -»     Csj«0     — . 

INl«  O        (NJ       »N)#0       *M 

I  -»0  ♦        I  —O  * 

O—   •  »      O—   •  ♦  — ■ 

QCD.-4  -»— .Q(Dh  «-»c\j 

0—t—  OCslOOJ—  o»-« 

•ini*     Oi-i  •ki#     oa 

-**  K- » O  Q.  -«#  h- -OS 

«***0<M  •N.wcsjocg  •— • 

'NKO*  r^-.N»KID«^4(r 

->  I  o»  »  ^—  I  ©♦  t  ^ 

oo#  -.ao-«oo*  ->co* 


x     it  ii  aa 

<  ->-»** 

O0.H  — —»-~ 

o  •>oom4> 

<  •»         OO 
<•-<  »oo  •>  •> 

<OOOUJUJ-~  — 
•0<    •    •r-«<M 


— .CVJ 

Ma 

OL*N 

-*>£.  <\J  •»  •UJUJ— —      QQmNN^OQ^HH* 

X—  »OOJJOOh     OOOiNi!Ni  +  OOOiNiM4- 

-»—     «»♦  <UJ<   •  •<<«■»       •  tOl  «M   «  (O  |«^ 

erica    «f«r>    —    — <  •  •-%-»— o    »-<»-iot-H-*»-«»««oaaco« 

**       f^— I       r-t       (NjlNl^-X  —  -XXO         I  «•    atslrsl*    I  —    *fNlfsli-4 
0#»0**:-»   •— »  •— •*»<m^-«JJtM      CDN^- wfMtDV,-.^- o 

O^-^O— — ~«m<\j<\j         «— CLQl#     t-i— .  •— «—  ocvj— »  •— o 

OiC5tO*« •  21-      OOZSO-NHONSONIMONN- 

•-.—.  •rtfnuruxoa:o«ooON*NQoo-*NOoo*' 

r-i  |    |  H^j£050D0UJ«w-Q0in*»h  |  OOQ— CO  I  ooo* 
fNlOiNJOH>0.00(/>  OOMK    •OO  +  NJCO    lOOin 

ii  ii  ii  ii  ii  ii  <zxoocqii  ii  «o— fNto  •  «r-wKJo  •  •-< 

•***«  11  II  N  X«-"0«t<— .-*^«N|*"-—  r-*^t ME**«*wr4^>^ 
«-«<\J<«)4,i-«<M<-»-»'—«-»  OO^tVJ  '—  — 

— •••^•HWN+JJJ— 'w*.  II   II   II   II   II   II   II  II   II   II   II   II   II  || 

««UO- ^—  -J-J-J  OOMM  0<MPO>r>Oh-000 

««UUUUUU<«li.U.OOOO^<0«'OtHHHHHHHrg 

IN)fS|INirMlN|NJ«<<000|-**>~,INlNJOO^^^^^^^^^^^^ 


O     «-«rs»fO< 


101 


oooooooooooooocoooooocoooooooooooooooooooooooooo 
>t  >t<f  -4-v^^^.^»tininLnLnu>knu^ininino»co>Oseo^^o»or-^r^r-r-r»-r»-r«-r-.h-  cococcccoocoonoccc 

cooooocoouoooooooooooooooooooooooooooooooooooooo 
ocoooooooocoocoooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


CD 

o 


o 

LU 


eg 


LL, 

fNj 

w 

— 

QC       OO 

1/1 

—  >0 

LU      OO 

CO 

00-4 

*      OO 

< 

** 

z        •  • 

c 

♦  ♦ 

ft    00 

w 

4- 

O 

— — 

X 

• 

O 

O 

mrvj 

<t—  II  II 

ar 

•—1 

*-4 

1  11  1 

r\j-*— — • 

<~ 

O 

» 

* 

LO- 

co »r-x 

«k 

• 

• 

LO 

r»- 

SS 

Qrgww 

•O 

on 

O 

0 

** 

•wOO 

+ 

LU 

«•» 

•-4 

t~* 

«^  w 

<r  •<< 

tmt 

> 

O 

ft 

ft 

WW 

<<NJ 

*0> 

i— i 

LU 

in 

h- 

** 

— «          MB 

NH— 

O 

h- 

• 

0 

O 

«-im 

—.          M 

—  00   »00 

< 

< 

ro 

LU  — 

«H 

<SI.-« 

** 

fO— .If*  — . 

<QOLULU 

ft 

> 

0 

-J> 

* 

W«ftW  — 

<   ►<    •  • 

— 

*- 

l-CD 

F-l 

•  > 

— 

*  — 

11  11 

omotn 

»'J>    ftUJLU 

— * 

a: 

*s|inJ 

ft 

—OfSlOO 

—to 

— **. 

ISlwfsJw 

— » 

<OUJlJJJ 

w 

LU 

<r 

**o 

oo- 

**** 

•0  »o 

•— • 

ft  »<   •  • 

'J) 

Q 

II    II 

o> 

0#LU 

—OLU> 

WW 

^KjrviiNl 

» 

<(SJ   »—— - 

< 

INJINl 

-4|jL 

(Nl- 

•   | 

00  1  > 

uu 

NJ«Nw 

nj 

ISI^X  —  — . 

w          — — 

LL' 

*>!M 

»z 

Q»» 

— 

rvl    •— OQC-LO 

l>sl<SJ 

w^wO^O 

w 

ww<th-C0OX        «-«(SI 

5" 

r\j 

(T    » 

f»j 

cc 

—  — <  a;  — • "si  <sj 

-»    ->  ft— 

■S! 

>_»«>«>' 

•  J           WW 

»»« 

> 

•— »-» • 

O^ 

<-a 

Kj 

1   INIO>»* 

— ■•— 

CLZ0.2— "- 

O 

Zl-      OOna      OtS> 

t- 

u. 

r-tf-Hf\J 

r-4 

oo_io«-'a:oo^'-j>— 

«->nj 

—  w-J Q       - 

O 

C3v3CO<< 

X        ISIINI 

a. 

»» 

II      •     • 

II    O 

— •  CD  LU  INI  l/>  ivj  -J  »*»J  I/)  Z  >  ~J 

•  • 

LUOLUU  II  '- 

1 

OLUCt"-"-  1 

1   w 

LL 

< 

•— I 

«000-")C"10  • 

33V.2*COOU«-' 

lu  cr  olu>o  >o«-«Nj 

1  II  LUH->CH/)<-0* 

-Olu  II   II 

L-> 

< 

w 

a-uu>      O 

-CuN<>QN<iJ  +  u.DUJdJDO     O 

-» . 

D<Z2IcDaj 

3 

i^i 

^ 

O  •  •< 

_^u_co   • 

lLOQN?>ONOQirtOZ    •   iZQll  O  II  IT>  II  *ZI«-Q««0  II  ZKh- 

2L 

ISJ 

^-•i— 11— 

•  iroorsi—      - 

'UUQ-O     "NI4 

HMMM         — .         ofl*" 

'  + 

m              3  Qrn— •—1'—"-* 

a 

-J 

«■  <ww< 

Z>~~4 

— -J 

w 

w  II       ^h— HJ^JOHx 

11— 1 

H-  _J  _ 1  _l '—  ^ .- •  <—  H»  — *• 

»— • 

_l 

UJ 

II 

II       -J  II 

II   II   II       >  II 

z       zj-j-    — 

■w 

Z-J-l-J 

■^Zr-irNJ 

K 

< 

h- 

oLLdi.  11  u.Qu-(OU-<a.u.^act:u.>oo  u  ou.u.j4j<uoouu«kwu.oouOO 

< 

0 

< 

a—*-: 

lt"<0MNi-iU,M>-iNNNi-iONiiUl-,'-«UON(JNQ«OUOU'-"-|O'^UCQ 

-J 

_J 

3 

13 

CO 

«rm         vO     r^coo*     ©rg 

in 

vO 

O 

O 

O 

00        0     000    **—> 

m 

m 

-J 

-J 

*~i 

r-»<->                  t-*           W4< 

r~4i-4        ■    It    1 

•— 1 

^-1 

< 

< 

OOO     ouo 

102 


ooooo oc oooooooooooooooooopooooooooopoooooooooooo 

cocr(rao>o(ff'0(CMJ,0'OooooooooOHHH^Hi^MHHNNNN(MNNNNNMm(«iinWfim 

ooooo ooooo oooooooooooooooooooooooooooooooooooooo 
ooooo ooooooooooooooooooooooooooooooooooooooooooo 
ooooo ooooooooooooooooooooooooooooooooooooooooooo 

OOOC'C'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


♦- 
z 

UJ 

•— « 

o 

LL 


o 
u 


o 

z 
< 

o 

< 

a 


— .(NJ—  C\J 

in*  cd# 

KrHKOJ 
OKIO*J 

a«-o«- 

OOOO 

•->  •-> 
~*z^z 

IUIU 
»-»Of\jO 

vj  —  Mw 
—  «^  — V. 

»— *  — 

•-•NlfNjKl 

o**o«- 

OOOO 

~o— o 
ooou 
oooo 
o+o* 

•— . .  «~ 
_im— «lo 

oooo 

ONJQNI 

o»-ow 
•*  •# 

O-lOfM 

*»OwO 
♦  o  +  om 

X+X  +  -4 

M 

II      II      •> 

•X    *    r» 


o 

Q 

o 

OH 

I— I 

II 

—  a 


>o 


LULU 

•   • 

LULU 

-J -J 


# 

» 


LL 
Kl 

o 


o 
o 

o 


> 
> 
o 


f\J 


~—      o 


U.UL 

oo 

COCO 

<< 
oo 

•  • 

CCQC 

oo 


z 
o 
o 

o 

♦ 
> 
> 
o 


oz 

«» 

0»M 

«-i 

»x 

♦ 

«-«<M 

•_• 

oo 

w 

OO 

u. 

»  * 

o 

— z 

•> 

fO»-» 

«k 

wX 

»4 

o~* 

♦ 

MO 

i— < 

•o 

»-* 

«»   •> 

> 

roco 

o 

-»< 

• 

o>- 

-» 

tvJLU 

f-4 

•X 

♦ 

-«►- 

t-m 

■~IK|    » 

ta> 

Sf  — 

u. 

.-•-.►- 

Kl      O 

•4—  *— i 

»    cvj 

ll 
o 

* 


oo— 

LULU> 
•    •> 

LUUJO      O 

-J~J  •    o 
•  •—    o 

— »— .HI       • 


o 
o    « 
-J    . 

< 


• 

I-  o 
O  UJ 
oo  • 

QQK 
*OZ 

<NJ    »Z 

mOh 

a.     •» 

n 
n  t/>u- 

m 


«—  »-l>— «^KI      O      00 

»-•  •a.u.tj.*-'    o    nj 

•  SZNNJ  O  ♦ 
O  •"*  »<— — Q.  •  Si 
LU  rtrtWI/)J>0 

•  II  COC0UJ>«*  || 
CO  — >  —  <<>{->  UJ  — 
Z  >  OOO  +31- 
Z  U.OOOOIIU7Z'-' 
i—i  21'-*— •  —      -»rNl»-^  — 


-J-'  II  zo 

LL       U-OLLU-O^OLj 
•—      mQmmOUNUU 

o    o 

m  nok 


o 

-j 
a 

o 

z 
< 

UJ 


Tt 


HJO  »»       O 

►OO  LL      <M 

OO    •  O       ~*  — 

^UN  *       -  Z 

•-«  »o       —    m  » 

r-4       »— O  •-•       C\J  Qj 

^■  — O  w       -«  M 

_ih-  »—       >  < 

•-4  — LOCO       O       -»  —  0.CM 

O  I  H-wt       «     »-  —  Zr\j 

►-►-•-•0»-«     —     n* 

oat-  *c*    *-— -j    •- 
«^.m«4    kioz    a. 

—  _«*   •     —CL*       Z  — 
tT\|—      O^  K—        »«-• 

«HQC— N4<-»      —  O-JfOt-l— 
•CLCsi  »rH     fOOCL^       CL 
LUZ   »OJ  •  »ZV)  II  O 

-i  "N  n0  ►>!  —  ♦-*  O  <0  Ni  Z  »-•  NJ 

h-»-»     H>U»>  •—  M  —•  |) 

•-*  — •  UJ  <  ZUL  UJ  UJ  w  OC  <NJ — 

-•Ht-^ZHh-HriH 

«— lUJ  >-"-•        <        w 

U-U.Q.XLL  ||  OtCLLLO-aCL 
•-►-•  3R  H  •"•n  X  Jt  »N  Z  O  X 

u 

t-*       co    croo  »-* 

-4"         •-<     »>^>rrsj  f\j 


< 
a 
z 


«~       a  ••  —       a 

cl       >>*■  eo       > 

o         »r\i    >        ki         » 

Kl  Q.-4     u.  NJ  a 

*-  X  +     Z  •*  X 

o       — ^     •—    o       — 

<  <Vj      hm      < 

Z  CL~*>     w— X  CL 

>-•  H-     U>  II  tL«-««-«  H 

<UJ       0—Z«-«K|w<u4       O 

O     -J>  u.      O      -Jrj^i 

II  Z  °-U.  II  fOII  KIW  Z  CL  ||  M 
— «  ZQLfM—      ^*^  OC 

►—•-— i_J  w«^M  ||  mHN-Jm  H 
•^•Z  -J  <  «(B-Z  -J<C0 
CLO  II  <U>CLOCLNJCLO  II  <Q.KI 
>-UZOhZOXN>>OZUZM 


eg 


CsJ 


ooo 


103 


c  ooooocooooooooooooooooooooooooooooooooooooooooo 

m^m>t  >*■  st  st  >*■  >^vt^^^^»ri^u^^u>ir»iriiriif\-o>o>o>o>o^o^3«o<)r,-h-r^r>-fk-h-r^rwr«-tN-xaoooaoco 
r>  ,(M  cm  cm  cm  <m  .\j  rg  (\,  og  <\i  rsj  c\j  r\j  c\j  cm  r\j  rj  cm  <\j  cm  c\j  c\j  c\j  cm  rg  (N  rg  cm  cMc\ic\jc\jCNjc\jc\jrMCMCMCMCMcvjc\ic\ic\i<\jc\ic\j 

ooocoooooooooooooooooooooooooooooooooooooooooooo 
oooooooaocoooooooooooooooooooooooooooooooooooooo 
ooooocoooooooooooooooooooooooooooooooooooooooooo 

OJOCOOOOOOOUOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


CXir-4 

1-4 

It  — • 

z 
<->u 

51  ►- 

oo 

OO 

rsj  isj  — •— * 

ISJ  isg  — .— . 

zz 

w  s»"  r-tr-* 

u  o  oo 

isj  isi                                         3Q 

•>  »  •                           •   • 

~*  CM  UJ                          K»— 

—                         (\l                             O  O  h-  st      CCcC-JO                                       st      3CC0 

2  m  O  o  <    *-•  •  •  —" 

►  — »  ••  -  •— •      •—«       II  II  COCO  — I       II   II 

<x  o  o  or  xz-  ~  xz 

•—i  O  »  »  CL     o     <•— •  •  •  o     <»— 

<  »-  K  I-  I-  O      I-      IZCQ  K      2TS1 

a.  >o     o        o  o  ae  ^>-<zz  cnjcm 

z  •    a    m    »         •■  *  clo    oo«  a    oo 

►  V*      (3      H      *  l»  CO  CLO      QQ   •   •  O      OO 

—  —        a.  i        ^»    w        m  rsj  <  — — . 

(X:  CO  >  Ld       -ON        w  ►  ••  — XX  -~       — .— 

M  N  »  h-      K-+rO>>  H      -       N      »      O.       I-       XX<<  K       XX 

isj        isj        at-        uj    >-*^u_o        isj    i-h    isj    cm    «->    o    <<z:s:  >    << 

—  —        x-h        3r     llk  »z  +         «    n    «-    m  I     s:s:^»r-<  OO     U-     JZ 
o        o        «—           <r     z—f-  •■—              —           «^      •    o    hhO'J              hqo     z    <n<m 

<.  <      —      -»—      a.        »s.fOHM  k      O      h-      o      */>      Z-OOOC  -hOOO<M   •     oo 

cos.      005.      i-iO-ao^-i     <     ujl-.-»     >-»  3     ->     3      ~>     H        •—OO   •  •     •-•     in*0  •  •  I  JJ     OO 

isj«    kj_      ►>_  «»  ►    a.    o        it  u-        x.    z    x.    z    a.    uj~*  •  •(—  H-co+  oooo     •  • 

rsj<      isj<      ,c>QsOnO  •  II  — .i-iisjuj— Z      O—Z      U      O      _J-'KO'_J-Jf0>       II   M  o   •—►-o 

C\i                   s-_J _l  >— >             3.-0       OCMO       L>  >  »OOUJ    •    •r-tU.O-*—  II    II      «>C\jOUJ 

II    II  isj  II    II             CL  _j  LL-^ULf*-  II  Z-aNQ«-a.NQ  l-ISI    •    •COOj       Z       >>XZCMU.— 

—— »       ~—       UJ       UiUJ  <  Z+ZCM— .«0       isj       O       NJ  UJ  ■->  I   XCO»"-'Q        II  U.U.<«-'       ZOCDCO 

rHH  ||  C\jr\jrr> »~_JH-  K  s-»-— r-«l-.t_INl_J         ||  Mj         II  UJ        s.*«^ ^Wf-  ||  t-ZZII   II  "N 

«"*oo-w     iiji-ii-i     uj         >-•         «— z     _)  n  cu     j  ii  a)     at  >«£w«»»»-i.-i 

O-Cl^ClCL   II   u_  <Ci.  j_        vJ        0.-a.gltu   II  <  — <r-»  II   <CMCM       U-        U_    II  U.U-U-U.OU.ZU.U.OOI— U-   II  U-U. 

X>-NX>ZiUiS      Z      •—►-»*  O  in!  o  <->0  "SI  iniOO  "si  ivi  wcD-H«HOZHiMOQOQ«aDi-iw 

-d  UJ 

>        Tl  sO        rs-fs.  U_  r-«  CO 

U      CM  (\l      CVJfO  <  ^i  rr 

<T         .-I  ^-1         HrJ  UJ  "«  «-• 

UUO  uuo 


• 


104 


ooooo 
iri>or—  coo>> 
aoacaooDao 
(\i<\jogc\j(\j 
OOOOO 

ooooo 
ooooo 
ooooo 


ii  — • 

z 

II- 
CM 

oo 


XX 
CMCsj 

oo 

oo 

•  • 

_jo 

•  • 
coco 

•  • 
oo 

22 

<< 

•  • 


sssssssssssssssssssssssssssssssssss 

§So§ooooooooooooooooooooooooooooooo 
§oo§ooooooooooooooooooooooooooooooo 
§§o§ooooooooooooooooooooooooooooooo 

* 

* 

* 
» 
* 

♦ 

# 

« 

*  »~ 

*  •» 

*  «-• 

o  *    H 

1  *      — 


oooooooo 

IT  >Of*-  00  0"  O  •~«N 

rNjCNjcvicsjcMfOfOfO 
ro  m  to  co  «*>  cof*>  fO 
oooooooo 
oooooooo 
oooooooo 
oooooooo 


LU 

II  I- 

»-  < 

o  — 

X  at 

u  a. 

z  o 

—  o. 

—  o. 
o  < 

a  u. 


o 


* 
* 

—  * 

co  * 

«-  ♦ 

z  ♦ 

•-  * 

00  # 

o        * 


CM 

o 
o 


—  o 

*•  • 

^  o 

o 

O  II 


CO 


to 


—  at 

—  o 

•  > 
ec 

o  o 

•  z 


H-  CO  CO  CO 

<  w  <  - 

^  00  —  «/> 

z  o  z  o 

_  a  +*  o 

</)  O  </>  o 

a.    oo  ~  r*    go  — 

CM      O  ••  XfOO*  X 

!-•      0-»  -J  »■*      O—  -J 

•     •>-  a  •     •ao  a. 

CO    o<  x  o    o<  x 

cm     co—  O  ro     CO"-*  O 


a.       — 

O         *" 

o        *- 


o. 


o 
o 


-*o 
I  o 


CM 


z        — 

<    ►-«- 

x    •-»-       o 


XX 
cm  cm 

oo 
oo 
•  •    t-l 


•    Cr-tLLO 

COCO      z 
— O      II 
— h-  ||  CO 

>z 

U.U.OU. 
mhOZm 


_  _  _i  ,~»o—     o—»^  i-«t/>^     o— • 

OX*  >wOKO»f-I  »  SOOOO#N      U-      «.Mk-«* 

OO       •  O  CO  i-0*JO»-islO  t-iOKlOCOKI     o     ►— «-m-i— 

MOO     or  tf  OJ  ft.Q»00»W  0.0—00—  ~       •'-'♦-, 

CMOOOCMUJ  O  *-•  *<-0  »<0^  ♦-'O  *<0     Q— Z-»**-J— 

So  •  Yl     •  KX-5rOK->  COX-><*>»-->      Z~  •I-      UO. 

oooh  x  -  <3zVoz~  <JZNOZ    UJ.+-MlO>- 

n  h        oz  w  »-  ko.o~o.Oco  h-o.o~o.ouj    >oo>o~o— uj 

-.-iiii.z  z  ZHiuXoa  +  uzHUJXoa  +  os    ~  »~     „  ^3T* 

>:>XZNw  Z  IUO  I  KOZ  XOO-fCOQZ         ►-     fO  R  COZ  ♦ 


o 

O 


a 

>- 


—  — 4- 

o  —  • 

»  «-*CM 

z  —  • 

»  Jh 

o.  UO 

>  o  • 

K  —- . 

w  fcO1-* 


ZZXXH— 
—cm  cm 

O.ILOOKH 

MOQOQ" 


M<       It— CD  H<       llh#l«HH«-KM 

Z  II  II  CO      ||  CO     Z  II  II  CO      ||  cOz«  »-«     *-*     —     z 
U.ZKhh  II  ~.HU.ZCQCOCQ  II  CMCMO*  Xli  Ct  OO.  U-O  II 
N*i-4<i>j*4COrMlsl»-i»«<HJKICOrsir>40«  JhJO>-hij2 

CO  O^O  ~*<M  <*> 

ooo  ° 


a 

o 
o 
o 


•^    p^a^t    xo. 

•o  »t-  *»•-•> 
CM  t*0OO«<«' 

o— -J—       </> 

||  CL      4"  ||  CO 

<-»iiuj    ai«*>—»< 

Z-KJKH>-» 
a  —  <X<Q£QO-U- 


105 


ooo 

mmm 
mmm 
ooc 
oo-o 

ooo 

OOO 


O^OO 

vCr^-cccr 
men  mm 
m  on  m  en 
oooo 
oooo 
oooo 
oooo 


oooo 
o»~irvjm 

mmmm 
OOOO 
OCOO 
OOOO 
OOOO 


OOO 

mmon 
OOO 
OOO 
OOO 

ooo 


000(300 
r--crcro^m 

rnmcnmmm 
oocooo 

ooocuo 
oooooo 
oooooo 


UJ 

o 


X 

m 

ll 


c 

z 

a. 


oo 

•  • 
oo 

II  II 


f-HC\J 

OO 


OO  H 

•  •  •" 

•  •  2 

-~  •  •  o 

NH O 


m 


(\J 

o 
o 


—.         -.Or-ljHIXJ 

—•q-lo  •      |  OO     a. 
►►-    »0  II  -DC      h- 

O  — _l  —  II        II  ^ul3_i 

z     a.     —-4-  —  cai)Za- 
•— 'U-      llj z. -4  •— •  <  < •— i 


— o 

— t    •£. 

►o»- 
■o  o 
—  u » 

-»a. 


„£•— l_J*-4r-«      .-I  Z—i'— «r\j_j 

O-SO-tOOQ—i  — OO-SOO 


x>» 


oo 
m>t 
iTur 
mm 
oo 
oo 
oo 
oo 
< 

s:  ■» 

<« 
o> 

I  h- 

•  o 

►c 

-O-J 
OUJ 

H> 


OOOOOO 

in  vO  h»  <f  cr  o 
irnr,irMAu>>o 
mmmmmm 
Oooooo 
oooooo 
oooooo 
oooooo 

►    m    mo: 
•     »o 

>-  »ao     ooo 


-  oo 

QCt— 

C   - 

o- 

-  > 

LTl—i 

o>o 


Q- 
om 


h-Z 


LU- 
CY: 00 

UCL 
» 
UJ    » 
OCT 

a  m 


••  *x 

-O-  ** 
>*-—  » 

t— oom 

»uj  • 

•  UjP- 

xacu. 

•  o  •> 

►  LUX 

r-o— • 

m—  ► 

►  »x 

V.OO<NJ 
*>f— 4    ► 

•  ,-4<r 
z»-  • 

•—  »ao 
O-  u_ 

*->— 

o-    ► 

h-vOX 

Luoom 

LUH-    » 

I  »-m 
co»    • 

».   LL 

—«*-  ► 

h-»-X 

►  »o 


COI- 
ii   "S.UJ 
►  >UJ 

xox 

O      OO 


•  m 

►  • 

x  r- 

m  ll 

►  0\J 


r-  ► 

h-O 


n 


llO 

Q.UJ 
LjUJ 


i«oo 

►-KUJ 
O   ►UJ 


»UJ 
XX 

► 

mo 
«Z 

ILUJ 
►LU 


oocoo 

mmmmm 
ooooo 
ooooo 
ooooo 
ooooo 
—  oc«  x 
vOm  co 

^     a.     • 
"vac-       O 

•-LU    *       • 

ma.x      * 

•  aN     x 

ceo—     «-• 

U.        M        r< 

►  ST    » 

.  Ov      - 

o:^     > 

II  LL    ►       — 


ooo 

vO«00 

mmm 
ooo 
ooo 
ooo 
ooo 


X 

►o 
<f 

•UJ 

onac 

LL< 

H- 

— UJ 
XUJ 

mi 

m 
•x 

r^iu 

LLH- 
— CL 

f\JO 
*> 

X 

sOUJ 
•X 


■  rot- 
ozu 

4-*-<UJ 
■KKX 

CCZ 
•—X 
►OLU 

•  <—  t— 

mOQ 
•  -  > 

CO    ► 

u.aac 

►  — 4UJ 

►o 

II  V.  J 


UJ" 

LULU 
Ih 

coo 


\-~  ts>    &-  t: 


Oh 
UJ 

UJ    * 


••a:0 

woz 

►- 
~x< 

KUJZ 
QKh 

■N.a:o 
<o— 
r>ai 
o 

<UJ. 
OUJ    » 

I  o£Ln 

OU-CO 


m 


•4 


—  o 

Z»-H-     o 

UJOL<<    *t_) 

K3Z£ifi. 
>-•►—  2CQL    •    •» 
SLUJUOCT  X 

jc  oc  u_  u,  li-  >r 
oo 

.-H<\J 


oo 


aOo.\iiv 

h-^UJ   »Uj   * 

ooxQLiMjtrg 

•  QQ.   «0  • 

•  Of-— lh- 

»    »-    LL  -    LL. 

m  ^  •»»••» 

oloxxxx 


ooo 

CTOr-< 

mmro 
ooo 
ooo 
ooo 
ooo 
< 

O 
LL 


ooooo 
rsj  m  >j-  ir  vO 

,nmmmm 
ooooo 
ooooo 
ooooo 
ooooo 


in 

I  _J      » 
a     - 

i- 

LO       LL 


m 


X 

CO     • 

►r- 


X    ►•    • 


LU'U 

3: 3: 


X 

vO< 

—  x»-»-Oi 


K  JJ 

ujx 

LUOO 

X 

•coct: 

UJ 

oca. 
uja. 
ao 
a. 


o' 
^I'- 


ll 


(N 


QC 
O 
LL 


■  m 


00  oo 

oo 

00  00 


X 
•»- 
ijj 

2:.. 


LLUJuJ 
—  >> 


X 

OO 

►  CM 


a.  »s:     • 

o-  c    X 

oOLL      O 


ZZ 

LULU 


r— oo 

IX 

:r\j 


D- 
00Z   • 

O"  lU 
oo   »0 

arx_j 
ujm<r 
>  ►> 


m 


XU- 

r-«r\j 


U-LL 
LLU. 
LUUJ 
OO 

<U- 

a:  — 

O-J 


>m«  • 


o 


xx 

mm 


.oo   »  •> 

.CO  CO* 

,<hh 
.       wLU 

Z  lj  » 
UJ»-X  »X 
X<oo»  m 
2£      Zh 

QiXO 
•.QUJ—i 
OOLLH-K 
O      OOO 

m 


x- 


<< 
'S.S. 

-a.  a: 
ou 

'LLLL 
> 


o  *0 

X  +  oo 

<■♦■►- 

o  +  — 

t  ■♦• 

O       LL 

•  »-a 

►UJ 
XLULU 

mx> 

»  »co>— • 
.>.  H- 
.>.LL< 
.>vLUO 

'■— JiLL 

QZ 
■H--J 
<•  UJ 
X  *X 
QCCOH- 

OO 


or 
<ro 
cr:t- 

Oh 

-  o 
*cc 

CT  — 

t-  -   a 

►  CM  —  _J 

-  vO  — a. 

LLiJ-X 

X  »oz 
t-i*  >oo 

.  a.— h- 

Tit-  LTi'/> 

i-««^  »o 

»-•  ma 

»  ►  • 

.  r-tr-x 

•  LP.LLUJ 

Z  ►rvja: 

OO     •« > 

O0«  X- 

<►— lf\  •• 
a.o  *x 

-  v.mo 
►O   •'-< 

L00>0    * 
H-    LL^ 

sroms 
"s-u  *>«. 

^    »C0  — 

►      ► 

I—  h4H 

<o— < 
X^  »x 

a.Oxa.0 
oLimoZ 

LL*    —  LL  JJ 

oo 

r-        co 


106 


oooooooooooooooooooooooooooooooooooooooooooooo 

r^f^-r«-QDaDocoocoaocOcDODooavOsO~  O^O^CO^ ^C'ff'OOOOOOO oOO»^'-<«-*'-i r~4—*~4*-4  —ir-i rg{\i(\i 

oooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 

OOOOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

*  *  » 
»  z  * 
»     o                 * 

*  -  # 

*  »-•  ♦ 

*  oo  <0     * 

*  o  «-•     ♦ 

*  a.  *     *  r- 

*  X     *  o 

*  >-  uj     *  -* 

*  Z  -J      ♦ 

*  <  a    *  •»  o 

*  X      *  —  r- 

*  h-  o     #>• 

*  <  O      *   I 

*  *cc 

*  >-  ••  ♦  * 

#1-  >  *o 

*  <-•  »-  »  •» 

*  o  *-»  #x 

*  o  a  ♦  i 

*  -J  o  *o 

*  UJ  _)       #    * 

*  >  UJ      *ff> 

*  >o>    »  *  •  — 

#1X1  f-l  *<  —  — 

*  >  *UJ  *«-  —  o 

*  »-  x>  *oo  >  *-  UJ 

*  h-  UJ—  «*  u.  —  • 

*  O  -JK  #-l  Z<M  U.  UJ 

*  UJ  #       Q.O  *<  -O  O 


o 
o 


o 

UJ 

UJ 


fO 


o 
o 


* 
* 
* 

* 

* 

* 

* 
* 

>♦ 

O*      H- 

•Hr  UJ 

INI*        UJQ 

*-»*  »-■-. 

* 
a.* 

-J#      33 

UJ*      uo 

>*    -J 

O*        <CC 


>CC  XUJ       *UJ 

zuj  o>    *cc 

oo  uz 

uz  o 


uj_j    z 

UJV      O 


••o    *o 

* 


COO 

o  * 
#  —        *o 


o 

ujx     oo«j 

xh-    o 


CD 

< 
a 

—  ro        tn 
•    o       o 

CC      -i      -».-• 
o       •»«■»•> 

—  o 


*CL  .»3  ^ 

♦  •»  -» •»  o 

hU      *Z  OCO  -4 

*  •»  CsJOsJ  * 

*X  -N  >* 

*  •»  u.  *>o  «-4  o     —* 

0(NJO  «-t  UJ 

*"^  —  *CJ»  ^  U)      N  UJ      O 

*  •»  ocor-  «-•  k    o       -J    •-• 
<oo    o»3    *»*  rvifH^  «•«  cc    «-•        •  -> 

_JI-      ZO      *»-—  *»in|C0  O        »         — •     —      Z— . 

*  qcni  u.  »«n  —  >    oo       —    o    oo 

II       *UJ  •  Nlr-lfn  o  o>     -*     UJ 

*  O*  x.Niir\  uj  uj    -»u_    —     i 

*LU   »N<\«0«  I  UJ        »z      u.      — » 


a-K    *-j 

3     «   • 

31- 


o»     oo    no    #»-o«-.x<<mo.    —    ec 


>-o 

u.  » 
INJ<o 
— o 
o-« 


oujo: 

O  I  IS! 

v.— .«voo 


• 

OO 

H- 

o 


o 

z 


o 

CO 

CO 

< 
o 

a. 

a 


o 


* 

UJ*  oz 

z»  »-o 

H-*  •• 

3*  UJ 

O*  CO 

CC*  O 

co*  a. 

O*  (X 

CO*  O 

*  a 

* 

* 
* 


CO 

ac 

UJ 


< 

CC 

< 

a. 


*z— o.ah-<r*  im 
+  -*^o  «_jujit>o     *» 

*  »-w--i<co«"*0  co 
»h-#aN»v»>rooco 

*  •-•X  -4  *o< 
*oujcozz  •rgon 
#HjfOOn  «o 
*J&JZZ      DO- 

*Q.x<aE:xll^4 

*  JLOUJUOmm  ||  u. 

*  hoo:uuq.q.^h 

*  o 

♦ 

* 

* 


uuuuuuuuu 


CO   ••      N»      QCQCOOCONJ 
U>       0»-4      »— «•  NINON40* 

•-t         wm-sO^O* 
CC  II  OCOwCOO  «co  •»-• 

O      —  «-«O<U-C0Qr"«car-l— .LU 
U.      >     00isl<0«-<  I  U.3 

u>r-  to  i  o  «  i  ocooz 

Z      ZOO«-'*>JO.-«iNlO,>'  +  f* 

O    w^i    *»w       *»    ^k 

"-  II       II       II  II       II      z 

t~      U.OCOU.QCU-COCCU,CO  II  o 
<       «-»0»M'-«KI»-«N|NJ»-iN<«:0 

3    i~t<\j  m<    m>o^    3    co 

o    oo  oo    ooo    o    o 

<  <t 

ooo  ooo 


o 

ac 
o 

CC 

o 
u. 

z 
o 


o 

UJ 
i-4»-t(McN        • 

isjOinio      UJ 

o    o    -J 
II      II  • 

M  ||  Kl  ||        — 
OJisJONO      M 

•»  KJ 


—    o 


o 

UJ 

I 

CC 

f-l-*——.—       w       NJ 

»-4«-»(\ir\i    co    •«* 

II     •    •   •    »OCD      CO 

>-CJOOOQ<N0Q 

UJUJUJLUOOr>i< 

CO   •   •   •   •    »0  i  O 

rHMMMMOwNU 

II     II 

o  U.  U.  U.  U.  CO  u.  CC  u. 


107 


OOOOOQPOOOOOOO 

<■<•>  <f  lt  so  r~  co  cr  o  «~<  rum  sj  ir>  >o 
<vr\j<\i(\jr-jr\jrvjcon^r">  com  corn 

oooooooooooooo 

CCOC OOOOOOOOOO 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 

o 


< 


o 

o 

_l 

LU 

> 


fM 

►" 

M 

o 

Q- 

a: 

•V 

> 

vr 

? 

4f 

Q 

— » 

U 

O 

~ 

o 

UJvO 

o 

I—  *-• 

• 

<   • 

— < 

_|rO 

« 

Z)<>J 

o 

O'-L 

o 

_lf\i 

o 

<    ► 

• 

o- 

c 

— 

O  II 

«— 

t- 

.—I 

+ 

M 

f— 1 

■— - 

»— » 

r— » 

o 

a.  - 

m> 

o 

s:x 

t\j 

o 

Ujro 

— ».— i 

• 

»—   •« 

—  ^-» 

1— ( 

»-*«* 

r>l    •• 

1 

<^ 

M(M 

— 

•» 

—'»-« 

-» 

■if  - 

O— • 

<NJ 

«■ 

-> 

*■ 

*  ► 

Z 

*  — 

■«  a. 

OOar 

fvj— «. 

.  LU 

OlU^sI 

•  1/1 

•o 

o,  i  >v 

^M 

xz 

\~o 

o«- 

>vi 

ro»— i 

cfOrfO 

oo 

•■_! 

*»»CJ*JO 

0-5 

— 

-*>- 

*^0  —    • 

•z 

»-( 

xo 

O    «i/>»-«l/) 

rHQU> 

•• 

t— t 

C)i— tcD'"— '*slLJ^'Or-1 

^ 

"•'U. 

~/-~<  1    # 

Zi^O'H 

•» 

o 

•  i  nooz*  i 

?.i- 

r-ivj.^r^  ♦ 

"-^—'^jUJjL^.a. 

—      *•»-           »-h-32:iU 

II   II        II 

2.  II   II 

mi 

^CL>-0> 

t/lGLU.^   II 

Coo>U 

j. 

LUO.«£«£ 

p~N|NJi_itNj^(_)is>Jl_)OiuC-LLL:UJ 

o 

cto     ^-<'\)m 

-J- 

LTn~) 

OH       ^-(r-t 

i—i 

r- « 

— « 

108 


ooooooooooooooooooooooooooooooooo 
r^  oo  O"  o  •-•  ^  o  >t  tf>  o  f^  oo  o^  O  »-^  <vj  rn  »*■  in  >o  r- oo  cr  o  «-i<nj  <*>  <fm -o  ^  oo  o^ 
m  m  rn  4-  >j-  •$•  «*■  ^-  ■$•  ^-  *$•  >$•  •$•  ift  u>  m  tn  in  m  «n  m  »r\  tr»  .©  <o  o  <o  «o  <©  -o  o  o  <o 
>*  >*■  >r  >t  ><•  «*  >*  >*  ^  >*-  >r  ^  4-  >t  «4-  *■  >*  >r  ■<•  •*  4-  *-  *■  >*•  >*  «*•  *■  «*■*•  ■*■  ^  •>*  >*■ 
ooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 

*  « 

*  * 

*  * 

*  1 

*  •  * 

*  oc  * 

*  UJ  * 

*  T  f 

*  K  * 

*  UJ  >*  « 

*  o  *  « 

*  O  ac  * 

*  H-  UJ  # 

*  O  * 

*  co  uj  * 

*  UJ  K  # 

*  ~  2  * 

*  o  •-•  * 

*  -  ♦ 

*  oc  *  # 

*  ¥-  CO  * 

*  <  ♦ 

*  X  z  * 

*  -J  *  * 

«  <  >*cOct                       * 

*  0C  *jTUJ  * 

*  UJ  JOO  * 

*  z  <a:fu  * 

*  UJ  UJ     V-  # 

*  o  oroz  * 

*  •  Z«  # 

«  -O  «QC        »<                               * 

*  ^  aCO     <      •  * 

*  #  0»-  <co                     # 
— *  X  hO      X                                * 

_j*  uj  ouj    «zz                * 

••♦  -J  UJ>   •OC»-n-«                         * 

r*  Q.  >     OCK                            * 

**  a:  ko<^                 ♦ 

Z*  O  hOHIZZ                       * 

►*  O  3Q.U     XX                       *  — 

or*  azujz:zo  *~*                                       — 

••*  O  Zm>«JJ                 —      *<-                                                                 CO 

co*  3c  m          oo          oc    »a:                                       •-• 

•»#  »-  OH-tOUO               —     *    •                                                         •* 

<*  »-ZDjX  II       *  —                                                       CO 

~*  >  00OQ.OU.U.             —     *-»                                                    # 

*  -i  cco»-acoa  co    *~                                       — 
o*  o.  ~uO                     —    ♦co                                          »-« 

ac*  i-  u.«/>cm*=*          —    ♦  •»                                        -5 

0.*  •-  •                                 <      *~                                                       — 

X*  -J  II   II   II   II   H   II               —     *-i                                                       < 

O*  3  *w                                                                                ♦ 

*  X  <c0OCZX.J  *<          _)      Z               OX          — - 

*  •  •»       *  O  •»          OC 
UJ*  O  ••                                            *               -H     ^              o»^         ♦-» 
Z*  t-  00                                         *                                        •             «~ 
•-«*  C£  *               HXH^         ONZHQt: 
»-♦  ••  UJ                              •»                *                5C4.-3+Z           — >+  + 
=>*UJh>  <  *00      Z      k!      al)CII       MOD  II  Z 
O*  U)  UJ                          _J              » » O  I  O«-'Oi-»->i-«'-»O->"-*-'0C 
oc*  OX  3            *_i        «-«    -4            ac*-*        acz> 

CO*  0><  X                *<  II   II        II        II   II   II  -<       II   II  -iH-O 

■3*  a:  ac                     ac           *ujccaco^oac»-ico  —  o«-<cu«^ujz 

co*  3  <                    o           *  ac «-**-" o^o *-<->•- oca -><-icccicuj 

*  cl  a  u.           * 

*  *  o 

*  *  -• 

*  * 

*  * 

uuuuuouuuuouuouu 


109 


cooocooocoooocooooooooooooooooooooooooocoooooo 

Ct-iMf'  -fir.  sor^  occ  o«-Tvjm>j-  on^or-  arcvo»-«<^ro^u^>o^oo^C»-*rofri4-if»vON-oo^o»-,Mrri>tir> 
r^h-h-r-h-^^r^f*-  h-ororooaxroooocooDCDaaao^^a^^^o^oooooooooOHHfH^^i^i 

ooooooocooooooooooooooooooooooooooocoooooooooo 

uoooocoooooooooooooooooooooooooooooooooooooooo 
ooooooooooooocoooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 

*  * 

a  z  •  * 

*  <■  —  * 

*  —  z  * 

*  1/5  a  * 

*  00  M  * 

*  3  00            l/»  * 

*  <  —                _  4 

*  <-3  O  K 

*  LU  <  * 

*  lu  a.  * 

*  x  ax  * 

*  ►-  —  * 

«  UJ    •       QC  * 

*  >  JX    »h-  * 

*  CO    •  rQ«00<  * 

*  a  ocf*  2:  * 

*  >0  ChJ  * 

*  <I  Q<<    *  * 

*  at-  Slujrvj  * 

»  nrai  or     ot  * 

*  <JT  C>-      C  ■» 

*  U.r>   ►>-  * 

*  OZ  Cut-  * 

*  uio  ozo_i  * 

*  Z~«  ^-l*-Q.<  •» 

*  Ot-  I       f-3        •  * 

*  — O  OoODO      Z  * 
—  *  oOt-  O*  OUJ  * 
►-  »  Z>— '  »_J                  LL  * 
O*  LUf-  •-•<    *0      O  *       — 
<*  2:00  wLU<LU  *        t- 
Z#  «CD  •       a       Z       LU  *        O 

-*  o^  <a     Xa     Z>  *       < 

QC*           00  OZ«3      —I  *      Z 

ujH  lu  xaoa>-     <  *•       » 

vr  k  _i*r  — ia:~y-ii.'    >  *     t— 

»*  CEO  O"UJ00<a  *         O 

X*  D<  t-      ZS          _l  *       < 

►*  0:0  <UJiiJ     00  •<  *       Z                                       rg 

<  *  O  XOSZU.'-'CtU  *       —                                              i-l 

-»            I  Z'-'O      <►-•  *~  X                                             ► 

Q- if  act—  U.LJO     cC-ic£  *  ^J  *                                       <N 

lu*  * -*  Co:      dJLUOUJ  «    I  —                                         —I 

►#  _ix  luluoo^os:  *  Ot—                                  ► 

Z*  <  SXU--JCC      23  if    »-0                                          ^ 

w-»  LUZ  UJULwOUJLL.<~iZ  ■«   x<                                                 «■"• 

V-*  CfO  Q  — 0>—  00  *    I  Z                                           — 

a*            — ■  OcTCJOZ  II  *<   »                                           — 

UJ*  <t-  O      0«ll  *-~t-                                           —»               O 

>*              <  II  I-  *  COO                                                    _J                  <M            — 

z*  »-z  it      una:     o  **<                                  •»— •         ••        -s 

— «*  a:—'  cl        lu     <  *  _jz                                  *— •        o          •• 

*  lux  ziu<x*r     Z  *<  —        o    o              —--J        f\J        a 

LU*  >~  *  LU<  Q       CZ  Z<    •  ~Z       X.        Z 

z*  i_— i  ••  *  x     zzozu  »        ••- •  *        m  ••    *-      •>    3C 

1-4*  1-.LU  (•>  *        Z    »   •>   •    ••    »fH             -J00— '             r-t—J       <l">l«-l       wM<^-t       _t-»it;_J 

Kt,  CL  *  »-Cj«-lr-«0^-lr-4  II                   II    CD<         LU—  II   — >  II     It     II   -»X    H   wfO          II    _J— '  II 

3*  ••  oj  -It  •— «-  M  II  It  ll  II  j     0*:<«-      DfilT1<»*»*)T  (I  -ifl-rt^   •><""> 

Qw  lu  »-  *O00i—->-»^—          Q      Qt/)      Z^        »">-?        •—-JCOZ'*-      it:  11 

ql*  00  lu  *  "-iZ          -5      ^>t      ofM  I  03      m  I  -J--)  •  »Ln_J->  •<  I  JO^QfT, 

CD*  O  5:  *_JLU— 1—«  »c\i  »mo  •r-^^sl<^:^-_J^H*»_Ja.•-•«-'  »O.Q_l  11  m<«->ro 

o,»  a.  <  *o.a.        ~    x,     no    -'0 11  z«-    <«^ic     x-j^:*-w^-i    — h- 

oo„  _£  u-  *  ImUO-U-OQ.  II  LU.  II  Q.OLUO  II  <«— U  II  —u.u,auu.<o 

*  3  <  »  -ODaXQXO^NC'-'M^O'-'Q^      <CJ<NIXX  — — •-JO'-'CtO 

•«■  a.  o.  * 

X  *  •-•     (\jO  ,-if\j(*\  >f  ifOOH  rvj 

i.  *  — 1  ~4      ^      —1  — •  HNCOm  ro 

Ir  * 

*  * 

uuuuuuuouououo 


0 

re 

» 

O 

in 

•> 

O 

LO 

••^ 

^ 

O. 

C0_J 

UJ 

1 

ro  • 

— >»■ 

Ow 

«« 

— TO 

m< 

-) 

-J  •■ 

Z   »SZ 

•» 

•.<*■ 

»f\l— .  ■> 

a 

_jro 

HI^JH 

^ 

■»•  •> 

a—  ».a. 

110 


oooooooooooooooooooo 
»©  r-  od  ^  o«-«nj^  ^  m  >o**-  oo  <7*  o»-«  <vjm^  »r\ 
_»  —i  _•  --.  <\jf\j<\jf\»fvj  rsjf\)<M«vi  <\i  men  m  mm  fo 
irv  umtv  umt«  tnir\  irt  umt«  irt  tfMrt  umtv  mm  umtv  to 
oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 


<      X 

< 

*    * 

>» 

o    o 

— . 

M         «— • 

— •»/> 

K      »- 

"»   1 

<      < 

fO 

»-■. 

o£     q: 

* 

*"> 

1       1 

» 

Zw  » 

«■»    ^ 

m 

«>Xm 

->     -> 

4- 

^*«-» 

•Z  •         Z 

Z 

•> 

a.«-»— 

*  »*         - 

• 

■H 

~*:x 

w— .—                _l 

—> 

*^ 

>— i  •»■«- 

<  II  XUiUJ  (1  .-.  II 

—  ♦  II  —II 

ir\     lu 

«  -i  II  DDh 

1  ->oz»-i 

*«-. 

f-     3 

—     -ZZ     -<     Q|m 

*-*■> 

ZZ 

-itf\-)  —  «n!  +  roO'-  II  cg<  •— Of\i~ a: 

•CO  •4-h-v*Z>* 

»i  ii  i 

*4-*-«ll»-ll»-D 

it     -*czz 

II     1 

OwQ. 

«^«-»QC      QCZKO 

-0»OOQhO  II  LL*-" 

a  ii  wiuouiOujz 

<QXOUQ«Oi/)nm 

Q(/)X*OXO<£UJ 

m    ir\>o>*-o 

v-< 

<MfO 

om 

f*\       C\IOf04' 

>* 

>***• 

mr*- 

111 


cccoooocooooocoooooooooooooooooo 
sor-tcrrct-i^'f-Ntmvor--  mo~Of-irjr^4-ir  vnr*-crcTO«-<cgm>*"iri>©^ 
r^  romm>j  >j- >J"  4  4  <J" -4- 4  •4~>tkranirMrMr>irMr1mvriir. >QsO>G>GOO>c>o 

IT'  u  .  tf\  U *u"\  if\  a  \  lTi  iTi  ur\  a~\  IP  LO  1/  \  «Ti  IT*  lA  U"\  LC\  IT,  ITi  IT\  tTi  IT\  lT\  4T\  lT\  U~\  U*V  lT>  lf\  IT* 

cooooooooocuoooooooooooooooooooo 
uocococccocooooooccooooooooooooo 
oooooooooooooooooooooooooooooooo 
oooooooooocooooooooooooooooooooo 

*  *  < 

»  1-4.0  *  'SI 

a  a-*-*     » 

#  x-ti      *  a: 
><■           lux     #                           r-  o 

*  _|LU       ft  O 

■».  a.— j     ■»  — •  cd 

X  21      *    »  O 

*  OO      *  —  h-  < 
•*                   O      tf  > 

♦;  ••■•si  o  a: 

*  K-  ••>     #  aC  O  O 

*  LU'Nl        ft     »  U. 

-<*  LU  ft   O  —  — 

ix       •    iz     *■   •>  —  cro 

*  o*     ooo      *  x  o  .-if-" 

*  -<  *    I  LU  —I   • 

*  ^     (JO     *1  •  -*m 
ft                ZZ      *     •>                                 UJ  *f\J 

*  o     >—•-<      *  ac  _J  li- 
ft Z       DC       K     »                                      •                                                        UJ<M 

*  <      UjZ       ft  <  —  »—   » 

*  LL  JJ        ft  —  —  «t  - 

*  ,-.       LLO.        *  CO        >  —  _J 

*  *r     zr  cr,     *•  _i     z  u.  o 

ft  C  if  <  O  _Jt- 

ft  OO       t—  CT        *  UJ       00  ■»»  <isj 

*  h      kH      »a'      O  oo  O 

ft  Z      O*:       *-    »      U~  OD  QC 

v  <     cr         » ^      •.  <  oo 

i.'  1/5       3£!C_*        ■£      »       ID  w       c«"|  LH  I« 

#-  z    q        *  a.      ■>       <m         •    o       o  ►-isi 

a  o    q-^j     *  z     O'-to*—  ►  x  •> 

k  CJ5t       ■«•     »      «NJ  ►  •       4"       — »«©  LUX 

*  lu    k-        *  a.     — -        co        ~o    »-«o  f-f^ 

*<  X  ►      *    •*      U-  O  O      »-4      «-»«-•  K   •• 

-»j;t-*J-i*_JO  —i  LU        •»     U.   •  <V, 

^i*  I— 2>      ft     »        »  »  •      4      M^  "s. 

►  if  u_      3a       «  -5      —      -40D  UJ      O      »~0  ft    » 

in;*  t-      ai—      ft    •■      O      OO  _J      .-t      O-^  *• 

— ■>  <      ZD      ft  .-«      f\j      —i~4  •  -i  #  QC 

».  _j    — o     *  >-"-'  — '      »  — .    —    z—  #  uj 

o-*  Z3  *;  o-mu.     a-»        —    o    oo  •  o 

-4^  O        M    II         *  U-i    ►»NJ       OO       «-•       UJ       OCUC£  *Z 

— 1»  -J  •«  O^-S       ^UJLL       —        I        O   I   isj  X»-< 

^«  <T      rvl*       ft  UJ    *<         •>  I   Z      U.      —      «v  — >^00  IVI      rn_j 

V  K  O  *t  ♦—'-_)!       O—    ••      M      (YtfOorON  ••>. 

^*  a     •■        *—>,o_j     h—        oo*-"<— v.o^'O—        «-(    x 

Z  *  K-        00  tr         r.<  l/>  ||  OCQ— »V/)0     »00     ••""'        Cj^    •"       •-•U- 

—  «•  a.  ki-i,  ^0'~a3»-iCj<u-xc-«i3'-«— UJO^O     —O 

I-  *  ••     Lu  k  —•X     OX     cj,r>M<Ow<  i  u.Dh<» 

o*  u-    i-        -fcoiuzou-or-  *u  I  o  •  i  ooooz        zh-cx 

O*  oo      lu  *«->_jU    •Z^iOO«-'^li->— «r*JO"»J  +  i-iOUJC£<U- 

a.*  C      51  *_jQ-210 r-(      ^.      w  ^      ^l-t-KZ)ZH- 

cu«  a.     <        hC5.2_s:  ii      ii      ii  ii      ii     z    •-'t-ixzo 

J>  a     a.         >*  ijo  ii  u»u_rjv>ou_u.a.ooct.u.oo  ii  oootujOUJZ 

ft  a.     o.        ,,      o  o 

tt  *  OO  OO      OOO      OO 

-r  r- 

ooooooe;o 


112 


oooooooooooooooooooooooooooooooooooooooooooooo 

^)>0^r^^-r,-h-^f^^^^,"ODOOoooocDaOaoeooooo^Os<>Cvav^<^0>^^0000000000»ll,*^<«-<»-» 

oooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 


* 

z 

* 

* 

o 

• 

* 

* 

•— « 

X 

CO 

* 

* 

oo 

*M 

* 

* 

* 

a: 

ac 

-J 

* 

« 

LU 

k 

< 

* 

* 

> 

< 

LU 

* 

* 

aoz 

x 

0C 

* 

* 

»•— 

* 

# 

-J 

LU 

• 

* 

* 

<ict 

ac 

X 

* 

* 

IUO 

< 

•-4 

* 

* 

cxa. 

D 

ec 

* 

* 

CT 

»- 

* 

♦ 

<> 

00 

< 

* 

* 

O 

X 

* 

* 

o< 

_i 

• 

* 

« 

(-LU 

< 

•4-LU 

* 

* 

ZCt 

ec 

*OC 

* 

# 

i— t 

LU 

ar< 

* 

* 

•> 

Z 

LU3 

* 

* 

0C  ac- 

LU 

OCT 

* 

* 

OHI 

o 

LUOO    • 

* 

* 

H-Q 

K      00 

* 

* 

OQC 

■    < 

Z<t- 

* 

* 

UJO 

—    z 

* 

* 

> 

— 

«>» 

o 

OOLU 

* 

* 

z 

o 

00 

z 

•t-x 

* 

* 

xcg 

— 

— » 

M 

<ZLU 

* 

* 

nh 

1 

K 

LU_I 

* 

* 

ecu. 

Z 

XOOLU 

* 

* 

I-C 

LU 

i— «UJ 

* 

* 

< 

•• 

— 

— 

OO 

qcqc«m 

* 

* 

ZaC 

z 

CD 

o 

LU 

KO.# 

* 

* 

O  • 

LU 

«■» 

— 

of 

<LU* 

* 

* 

o\-i- 

I 

a 

xac— 

* 

« 

-*uac 

»- 

.      uj 

z 

* 

♦ 

*  LULU 

ac 

LL    »* 

* 

* 

x» 

» 

II 

OaC<\i 

* 

* 

LU      Z 

— 

ec 

O— 

* 

0m 

* 

JX« 

O 

o 

QCh- 

* 

0m 

—* 

CL"-. 

•» 

C 

1 

K«OLUo 

* 

—* 

o* 

ZOCLU 

•-« 

o— •  a  lulu 

* 

•> 

-7 

** 

a»-z 

uj*ac>> 

* 

v-4 

♦ 

z* 

o^*-- 

♦ 

>xo    < 

* 

ow 

z 

••* 

Ih 

LU      KI 

*-> 

>oi 

* 

CO* 

<     3 

— 

►-- -H-3 

*o 

COD 

—  * 

oo 

03 

3Q-I3Q.H 

*rn 

— o 

•M 

# 

H-LUaC 

— 

a.XO.h-00 

*   •> 

CO  » 

1 

• 

z* 

ctZco 

ZOZ3D 

*CsJ 

•h~ . 

*-4 

00 

o* 

LUCO 

H 

«o—o 

*  — 

«*»-• 

UJ— 

>- 

o* 

>*-iO0 

*x 

>0  — 

<♦ 

ac 

K* 

Zl- 

■« 

II 

II   II 

*z> 

CO<^> 

Z-* 

< 

<# 

o«-«o 

< 

*o 

«*— m 

• 

*\l  »z 

a 

<M 

r* 

o*-z 

— 

< 

ZO 

*    «.ivj<        m 

00 

«HS 

— •        •> 

* 

QC*-I 

*  — «M       Of"* 

h- 

•-<     «~ 

>- 

Z      tH 

LU* 

O<o0 

U. 

•• 

**-> 

>AO     - 

a. 

Z     II  -•- 

ac 

1  z 

z# 

HID 

•— c 

CO 

*— co»-iZ  li  '•-» 

< 

•f  H        1  -> 

< 

^1   N 

•-»* 

a: 

*0**UJ«-.«- 

•LUZ 

Q. 

z»-in->- 

'LULU 

z 

—  Zm 

K* 

•• 

UJ 

*     xx-j     cD3* 

*          —OS 

•— « 

** 

3* 

LU 

H 

*  cOLUUJ<«ir\ 

ZZ 

-J 

Z(MH«» 

ZZ 

o 

ZZ* 

O* 

4/) 

LU 

**-i-J>OII 

«— * 

< 

*oo*  II 

++++ 

< 

**o 

ac* 

o 

z 

#jaa«H- 

■HII 

UJ 

f\j«-ii-iZ- 

»►-»- 

z 

CNJfMf-« 

oa* 

a. 

< 

*<ZX3      «-*ZLU 

ac 

jzz 

►^ 

o* 

(X 

(X 

*UJOOOO" 

'Q< 

HOOII^OO 

II  HO 

oo* 

^ 

< 

*ccuouiQ<uz 

h- 

1QQJOUU 

H- 

^ZO 

* 

a. 

Q. 

* 

QC 

ac 

* 

# 

m 

UJ 

^-•rg 

UJ 

* 

* 

o 

> 

oo 

> 

* 

* 

ft 

z 

w4r-* 

z 

* 

* 

a 

o 

Ui-)UUUVUUUUUUUWUUUiJUU 

DUU 

UUU 

113 


OGOO 

-*  it  vC  r*- 
oooo 

OuOO 

oooo 
oooo 


ooo 

(TOO 

ooo 
ooo 
ooo 
ooo 


* 

* 

*^ 

o 

-50 

♦  o 

*:  • 

♦  — 1 

5:  1 

*  — 

»— «^«* 

LU-f   * 

< 

z:z-> 

•■«v  ► 

^^— »c\i 

#— 4>w 

11  1  5. 

~>-JDujlj 

— '  w^Z/ 

ro—     ZZZ 

Ok     II   — — IJL 

-i^->  t-»-Z> 

-JZZt-Q 

U  II  ~Cwl-U^ 

UJOOOCLUJ 

,-OvJ- 

00 

114 


oooooooooooooooooocoooooooooo 

»-«f\J  m  %f  u^  o  r^  CD  O*  O —^  C\J  P^  <4"  iT>  >o  r^  CO  o^  o>- •  <M  r«^  >4"  iTi  >o  f^  QO  o* 
f\jc\j  f\]  c\j  cgrvj  r\i  ro  f\j  m  fi  m  mm  m  m  m  m  co  ^  •«*■  >*•  >t  »$•  sf  *$•  -^  ^  *t 

ooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooo 


« 

* 

* 

* 

♦ 

CO 

* 

* 

<J> 

* 

* 

♦ 

z 

_J 

* 

# 

•— t 

< 

* 

* 

►-UJ 

UJ              • 

* 

* 

<x 

a:        Z 

* 

* 

cc>- 

o 

o 

O 

ft 

# 

o 

i-i 

UJ 

•  ••    t-» 

ft 

# 

luO 

* 

Of 

M— >      H- 

* 

« 

>-Z 

X 

UJ 

>     oo 

* 

* 

z*-> 

UJ 

a 

Z*-»>OUJ 

* 

ft 

l—oo 

-J 

Mrf 

0  +  -0 

* 

* 

3 

a 

00 

—  3*0 

* 

« 

>■ 

x 

z 

H-«-X 

* 

♦ 

COO. 

a 

o 

•—     UJZ 

* 

* 

UJ 

u 

u 

UIUJ-J  — 

* 

* 

2h 

ouja. 

* 

* 

OoO 

• 

•» 

a-acxx 

* 

« 

Mri 

z 

X 

U-OUJ 

ft 

-»* 

►-LU 

o 

UJ 

t-    o»- 

* 

3* 

—  X 

•— • 

h- 

<uj    or 

* 

UJ* 

00« 

K- 

<- 

a:  »o 

* 

z* 

o»- 

1— « 

acoxujh-> 

* 

M* 

Q. 

oo 

>ftl-jTO 

ft 

-ft 

h- 

o 

-io        a: 

# 

3* 

XX 

a. 

o<z»-  oca 

ft 

►ft 

LULU 

ZUJLLH—UJLL. 

■li- 

<♦ 

»-z 

X 

— cccc     > 

ft 

X* 

QC 

UJ 

31 

KILOZ 

* 

X* 

Clu 

K 

o 

,t/)i— i      t— i 

ft 

<* 

>X    • 

ac 

aCK         l-O 

ft  -4- 

o# 

»-z 

OCOOOXXZ*-* 

ft* 

—-.     o 

•»« 

o    o 

>* 

UJUJ<0£ 

ft    *■ 

33      O 

t— K 

ZaC-« 

_ju.cc  »->-»- a 

*m 

+  +      O 

Oft 

■-•  UJK 

0<Oujo:ci£:<^ 

ft* 

*-»-        • 

o# 

3f>< 

ZUJ      >OOZK- 

ft   * 

oo    o 

o# 

ooz 

•-arKO>>ouj 

♦  <Ni 

oo    v 

-* 

a:    •-* 

X 

a 

OUJ 

ft* 

oo    -* 

»-* 

ozx 

o 

•st-ou.    IO 

ft     * 

ft  ft    >t 

Oft 

oo 

ttQ.<ZZOQUOH 

«-« 

-^^.^.^ 

•* 

t— «-ta: 

oujx<«-"    uj    * 

** 

— 3-f 

o* 

x»-a 

KIH3>aOX 

ft  » 

OO-f-* 

Mft 

uj<a 

h-oo<ooo»-ujzuj 

*  3 

^QQhfl 

•># 

Z3< 

z 

oza«a«j 

ftUJ 

3ooa* 

M* 

a 

UJUJ  1  OOO^QQ. 

*Z< 

+  •  «o  + 

"-# 

UJUJ< 

ooxao    oooujx 

ft  NJX 

K<\jf\jor\j 

ft 

X     *- 

UJxx 

II  -I2TUJO 

*  *x 

O-Wft^ 

l-ft 

t-LUI- 

Oil-  II 

UJOU.O 

*3< 

0»-«CM— .««» 

3# 

U3 

a. 

OO 

ft  »o<o^:^fo* 

** 

QoC^ 

II  H- 

X            II 

*o  »Z*—>£0 

z* 

zoi 

II 

o 

X  II 

♦  Ml-X 

-  1    1   1  o 

3* 

«-«U-< 

t-O 

<       o 

ft.  •>0<MfNl'SJiNlO 

£*♦ 

u»    o 

MOO 

03      M 

#MOO  I     1     1     1      **J 

* 

UJZ 

ft      OVOOCO(M<f 

UJ* 

OX3 

•• 

ft  nO   »H-isjrsHslr»4  3: 

z* 

Hh-CJC 

00 

ftfHH-O 

wvwvHUJ 

•"-•ft 

a 

♦  *QO 

www^.^2 

►-* 

tt 

UJ 

*X      Oftft*ftwM 

3* 

UJ 

h- 

ftUJCO 

K-H-H-H-           Z 

O* 

oo 

LU 

*  -J*  II  QOCQ  II   II  CX. 

c£* 

O 

£ 

♦  a.-j»- 

3l3t3 

00* 

a. 

< 

*X<Otl  II  II  ll  UJUjf-O 

3* 

ae 

a 

*  OUJO«Hf\jf04"ZZUJZ 

«/>* 

3 

< 

ft  uaCO^^^^rsiisicxuj 

* 

a 

a. 

* 

* 

ft 

* 

ft 

* 

ft 

* 

ft 

oouuooououuuouoou 


115 


oooooooooooooooooooooooocooocoooooooooooooooco 

L )v0  sO  -O  ajm"  JJ  •£<  -O  -U  -C-^C sC  0>0s0  O-A)  >GvO>0  43  ^OvC1  -0  sO  O  ^C  vO  >0  >C  O  ^O  «C>  <OyO-G*0000<)O^U-0*j 

oooooooooooooooooooooooooooooooooooooooooooooo 

oooooouccooooooooooooooooooooooooooooooooooooo 
ooooooocouoooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooo 

*  * 

*  -X  * 

*  *         m 

*  a:  *        ■-! 

*  uj  *        * 

*  u.  *              •> 
■*  uj  oo  *          <\j 

¥  X  2  ■«•                  rH 

»  K  <  *             * 

»  QC  #  •• 

**-*-«         ~* 

i  <  *                   -* 

*  X  oo  *  *: 
*►_»-♦  * 

*  z  *         c 

«  C  UJ  -M           «-< 

*  oO  5!  K  * 

*  LU  *  • 

*  x:  h-  *  otM 
fc  <  <  *  *~ 
-t;  a:  •  h-  If  *a 
■»-  OC  00  V  CO  ► 
■M  C~"JJ  ■»•            VT'— 

*•  qcinj  z  *          »a 

*.  Cl>-<  O  *          f-  ► 

>)  _j  s:  »        *<r 

*  z-«  z:  *         *ao 

#•  ~y-  d  *        om 

«  o  u  *  —     *  * 

*-  2:  *■  o      ••ao 

v  jj       •  «    •(\JiT\'vj 

*  nil  Z  ■*'  DO^   •■ 

*  I  <  «r     "O    ""33 

h  ►-  z  a:  *  a  ►4-  »- 

*.  <  O  *  «-"-»^M 

*  u-o  a  ♦  coo  »  * 
-p-  O  a:  *  *  Otj»- 
•j  c£  a.  y  _j  ..i^Kj 

V  LUUJ  *   <I3    »   •• 

*  ^  _)  Z  *  UJ  »tNI  O 
#■  — <•—  —i  ^C£C0^<\l 
fr  OOQ-  <  jj.     »f\J   »^ 

*  3"  5T  if  —  rslr-l   •• 

*  X<_>  uj   •  *    »r\j  •>»-«                                                     h-«                     I-*                 <\j                     •— 
y  h-  xoo  k  ^isj— ^           ~t                        im    a.                 Ol              ►-                 a. 

*-  x  »-uj  # «-  »o  ••         o                      o    v.                v.             a.                v. 

fr  UJ                  3  fr>CI3rc>C0            —lO                                 <NJO      h*                            CO                      >»                            O 

#■  on>  00  _J  »^4^^,^       f\jOV.              <\J                   O^       »4                               i-l                         O*                                r-l 

><<.  <—  <<  k,  *  M<v^<\j'—  O—          i-ifvj          O—      *                       ^                  ^                      ^ 

a  n  uj            >  #  x  »isj  ►•—a.^m        a.!—        n*co    ♦                   ♦                #  ro               * -t 

on  h  ciz  uj  >  uj—o.r-o.'v— >h-        ^»a.        <* 'COif^ro               >Oc*>               ^^-t               i-«^-t 

<•«  U<  5"UJ  #  JfNJUJ— "V^HN           *NJ^           CQkJJ^^                    ^^                    ^^                    ^:^ 

<*  Ula.  <X  *a\J^O^N  I  OO^OOON  i  »#ooooi»oooo*»oooo#» 

KJ*  Ot-  oOh-  *  ar<o<   ►Q*    I  SQO#  OQO  I  (DN^QOOON^OOOO'MOOQQDfMO 

*  a.  *0>-<>OO^HHOOHOC,0(\iN'-|OOOOOHOOOOOONOOOOO<\J 

uj*  Gj  ••  «  oujih  *^:ini(si  •  •*:  •  •  •isim^o  •  •  •  «^o  •  •  •  «o^  •  •  •  *o^ 

Z^<  t-U.  00  *       OjO^^  I  — *-00  I  f-400w*»  i    I  HOOO  I    »  UhOO  I    I  OOHO  I    I 

t-  k  "  UJ  i.  —           ID  II    II    II    II    II    II    II    II    II    II    II    II    II    II    II    II    II    M    II    II    II    II    II    II    II    II    II    II    M    II    II    II 

Z>*  uu  t-  *UZZH— .——«••«—-»—»— ———-— 

CJ  *  oo  uj  *»-3u^                                     0<-»rgfO>^tf>'OfwflOtro«-«cs»ro4uA>o^oo^t^^-*rvj 

COii  Q.  <  J4  Q.2-S:  >f— .^w*»wwww  —  v*-Wp<^w«»«»w««ww«»w«-'ih»ww^«»ww 

J*  uc  oc  K  2.i_io«-t<<<<<<<<<<<<.<<<<<<<<<«a.<<<<<<<<*i< 

«•  o.  a.  ■»           o 

ouuoooooo 


116 


OOOOOC 

oooooo 

oocooo 
oooooo 

OOOOOO 


oooo 

QQOO 

oooo 

t  •  •  * 

OOOh 

II  II  II  II 
fOrorr>r«"o 

'M'vifsj^jacuj 


117 


oooooooooooooooooocoooocooooooooooocoooooooo 
—frvrri>frir.>of'  »c  o  — <n  rr»  ^  ir>  o  r-  go  &  o— r\jfr>4"ir>>Or^-cocrNo^<Nr«i>frmNO^epo-  o— rvjrn>j 
OOoOOoOOC  — —•^———— ^——<nj<vi  Csj^<vjrvjfvjrMf\jrNj  corn  ro^r^r^r^  r<^fOf^>fr»t^  ^ 

OOOOcOCiOOOOOOOOOOOOOOOOoOOOOOOOooOOOOoOOOOoO 

coooocoooooooooooooooooooooooooooooooooooooc 
oooooooooooouooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooocoooooooooooooooocooooc 

«  *       — 

X  •  UJ  #           o 

*  uO  o  «            O 

*  UJ  Z  *                .-• 

*  •     —(/><  *         — ' 

*  _J  Z      OUJ     z  »-  *          o 

*  _J  3      —  X      O      UJ      oo  Z  —  ♦           O 

*  <  a.    hi-    —     z    —    x    —  o—  #        ini 

-»  s:  oct-oQu-i  z*  *         ► 

+  00  c    ouj    —     o  t-    <    ~— —      •  *«.    — 

«  h-       >CD      O  U_       OC       I       QtQX       QC  #fsl      — 

*•  u_  «     Z     oi      -     OX      uiO<      UJ  *    »     vO 

*  C  00     f-a:     o     co  ><     O^Z     —  *  u     *» 

v  —      ZO      O  Q  OUJUJX^-       -J  #  —      a                Q. 

*  u-i  ujo^  c     uj     uj  <ji— uoz— »Q.  #  x     at             h- 

*  </1  2.       (_)IU      UJ      I—       _l      X      UJ3Z      wet—  *uj      O                a 

*  Z>  <      tOC      X  —  -J      »-      IC-U      UJh-  *  _)     "VI      >      z 

*  0£        <             h-CtZ       UJ  >-Z<-"- •    «0-<  ♦  CL          •       Z          * 

*  UJ  OZO  UJ  O       O       CC  •—CC*-UJ3#3r— •         ».-. 

j;  x  .ok-     jto—    z    o—  ►      «>-o>-2:  *  a    —»    od    x 

*  t—  V  Of       UJ  <UJt—       <— »LL(Y—  Ch UJ    »Z  *  O       U"N       Z       < 

*  o  a.  xo  — »-<  o(V  lu—i—  ius:  —  x  >»  ••  «—  »  z 
*•  x  o  1— uj  z—  uji— o+  ujs:a*»i—  #  —  a  t-  t— 
s  O  _J  X         00     q.-._j     acOZiu— aaOh-     C  *  >-     u--~~ ■     z 

tt  Z?  3D  O      U-O       UJ-.UJ       OUJUJ»—XUJl—  </>         »Z  #    I        UOZ         ► 

OQ                              *f-  C  "—COO          l—2"Z<QoO  I  ZOLU  *  Q      MO  •      — 

,                       »  or  i—  x        uj     <  »z     qzojmZo:     zlu'Jjoc  *  •■      •■>*■—     x 

H                       *  x  3  3E     i—a     _ii/><     lii^o^i-oxciwt-  #2"     —.—a     < 

S                     ♦  1—  a.  z<j     a<o    ZwZ)     z     ujzid^  *   •»    ~*>  »    z 

O                           *  Z  O     uj  Uj          —     Q  •— Zt-  #  X     <->.^      Z 

3C                          *  i-  1—  1—      2'a.      ujo;C     ca  iZu     —  o_x   »ujx  »   1       IoO       * 

»  uj  ujo    x<z    2:0.—  •    oukcolu  *o    -j  »uj    _j 

-T                                     !f  UJ  t-  LU       Ot—        <        <        O^sl       QCUJQ>  — QC        H-  #      *       UJ—    ••       < 

3                              <  X  to  5:      <                X           03E-JI--JUJ      X<ZQC  #30      >00      O 

e2                       »;  00  •  —  •-.     _jiu     i/ihuj-        <uj  •_jujji>—  i—c  *    ••      "-ou      o 

8h         00  _j  1-     ax     ujctuauj  ••-•2     ccX     000  *  <        r-4  »    z 

»  XHI  U  I—       •— i-iZUJC0UIO5"Q.3»— »—       C5  •*  <—       — >w~         ► 

g                      *  uj—  ?  '/>     z        uccuj'j     _i— >»-o     <_j<0  *  _j     «4-_jo     ac 

«  l—O  <  ^>     — 'Z— —     (_)UJ_i  •LLOO     SO      _J      z  *<     -oc      o 

Qg                                  J-'  QC—  Z  Ul            OOLt-ZOOK-J       —<    •       I— ID  —  _J<  «  UJ       Q-C>t       LL                       — • 

W                                  *  Ot-  -J       >-       UJQCjIUJZ  — 00K       UJO0ZXjX_J  *  Ctl—  lU"       Z                       UJ 

H                           4f  >cx  2T  Z     tti/lOCO— 1—  3  —  aaJ-J— —      — Q-  *    ►*  *  »^       •>                  Qt 

?                              <*            O  —  C      KZUJ>      <—  <C0    •          l—f\J3UJ  #-«0-— »0      Cl                    •*» 

a  <>  —     UjO>-     iO     00X  rj>-             t—  #ZO^h  »     x                 y- 

O                        *>  00  00     2:— z>-- O  «q:ujOO-     aoo<coco  #    ••.jwo-—     <                 Q^ 

u                    *  003  c£  z    2.1— — zuj    z— xz»-x<i— oouj<  #juiho    2:^           o 

■i*  ajt-J  uj  uj      >«wojIxD<(-          OJjUJLUOiXuj  *-  1     »>«-»o     I— O              00 

*  1— —i  1—  2:  uoq  o^-ujoca  ^oz^rj<rs:  ♦—  iAZa<t  ►•  **. 
<  <a.  uj  —  z  «oo  k-  z— z»-<2:z  <—  #—  ^  ►»—«-  uj»  — 
j.  _i  2;  c;     co2:<zct'j>xuj    — z     >oioh-  *£¥o-~»u_     a—           a 

it  3_J  <  — ujUOZ  — OZujujujO      XoOi-i*-  *  UJO>T  —  inj-~v.o              #  — 

it  2I<  a.  2:^-0      K       X>— I—  jIQCQZi—  »  C0c£— 'J*  *  O-J— r-«>s.<Nl—  ~a-      O-l— 

X  2"—  <  o#  Qiaji--uj|—     cx:Qti— uJUJujoiZZ— <lu  #  ujozo<'—  OuJi^l—     I—  Z) 

H  —1-  a.  J-JDIOI- COOUIXXX  —  OUJCOST'J  *  t-  «->-<x     o.2or)Ooa 

^  i/)i£  —  <u_i—  aji—  jKZO>ao»-i>o  JtcDZ2:      QCuj  *  Za«a»-a_jZ- CQ-fMZZ 

*  uu  UL  XUJ  »  •«•.*»►  — ZQK  •»*•  •— i^C  Cu-Ji-J— K_lZtT*r  — 00O 
-*  2.1-  O  <oc                                                         q  —  ZZ  *      o^Xo^v— u;  —  ^u-\  ►  I  Oj 

»«•  <Q  2.—'—           CvJ       —      (\J      —      <M  —  #H- OQ   »SZI-              *^f^-OU-K 

>>  Q-i  z  11  *  —  -J— «     <</)  11  ti  ur% vt-  »-oO 

*  O  O  II        II  II        II        II        II        II                           II  #  OU^OZU"icO-r^H        •UJ 

*  OX  —  —  *  —      ZOO      _l*i£        •      UJ  — 

i.  jlI—  1—  a.                        -J            —                x  «  _j-iuj— 2I_jujvjoO^)  11  h-      11 

■i,  o.^.  —  x     a.               <           x               <        a.  «  a<2.«—  a._iXoo<  11  a— 11  </> 

h           Z  ^  <     U  O              <                  £          H-  *  i-aj—  Q.O<<l_i_JUJ  —  1—  qlOO 

k  uouw  —  2:     a.               o            z               i—        o  *  —  QcaxouZuoaac  jkiulu 

■r  —a.  u-i—     z  z           z               z        z  *            <_> 

m.  XI—  UJ  * 

*  1—00  a  * 


118 


oooooooooooooooooooooooooooooooooooooooooooooooo 

>t  >t  >t  >$-  >*  if*  ir>  in  m  m  m  m  trt  m  m  i©  ^)  <©  «©  >o  -o  «©  <o  «o  O  f*-  h*  I*-  K  h-  r-  r»  r*-  r-  h*  oo  oo  oo  oo  co  oo  oo  oo  co  oo  O*  o*  C* 
uoouoooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


• 
CO 
LU 
00 

o 
a 
cc 

O 
a. 

o 

z 


o 

a 
a 


o 

UJ 

a 


Q 

-J 
<x 


in 
CO 


<x 

o 


co 


o 

a 

LU 

-J 
o 
ex 


< 

•> 

mmo 

p+ 

«* 

•  •  • 

K 

< 

(njcmo 

Z 

w 

1 

«■» 

LU 

CO 

•»  +  m 

LU 

QC 

o 

OOO 

a 

LU 

u 

•  •  • 

• 

«■> 

U> 

CO 

<■* 

«H<~4* 

CO 

K 

z 

z 

X 

1     1 

> 

a<< 

r> 

CO 

m 

-J 

< 

OQ. 

u 

z 

9-* 

ex. 

CC 

*ooz 

a: 

>» 

Z 

II    II    II 

a 

i  *v* 

>— i 

NM 

II 

u 

iiwh  —  m» 

< 

Luino 

o 

o 

a 

«— i 

ou~*rvjm 

ok  »o 

o 

o 

♦  o 

II  3  ♦  -f  ♦ 

LU 

•  •<>  • 

f-lft 

o 

LU 

NO 

•o</>— ZcOVOcO 

M 

•~»i-«    i-« 

* 

O      II 

h- 

r»  »on*Mi-izzz 

•— < 

ii  ii 

II  II 

II  Z 

< 

CM 

H<«K««» 

-J 

II  <Q  II 

II  l-r-l||  -J< 

-J 

ii 

II 

UZOOU 

< 

>a.Ni/)cDwa>uu 

o 

COH 

O  II  oouou 

*■! 

UiXZZZZZZZZ 

o 

ZCO  <0  <  rslONINIKJ 

»- 

_J 

>— i 

< 

c 

> 

z 

o 

re 

) 

•-* 

o 

•  II  OOON  II 

o*-»  •  •  •  •— 

•>  OOO  II  LUH-  rsjiSlLU 
Orsi  «Dmh         O 

•^11  II  II  «ZZh  h  ||  Z 
oo— •»«#  o— — •-« 

<— i  Ii „H— ^»4g  ii   i|m 

il  oa.aa.Qo  n  ou-ico 

NQX>hUUZQNOU 


in 

m 

f-« 

Q 

Z 

«» 

< 

< 

•  • 

«* 

oa 

z 

LUO 

**) 

OK 

CO 

OLU 

co 

I 

Z 

OK 

* 

h- 

•■» 

LL 

< 

OO 

w 

<o 

OCO 

O 

LU 

•O 

• 

•4- 

oo 

o 

oc< 

CO* 

00 

LUO 

»-)00 

r-i 

ao 

M 

*S. 

z-» 

1  **0 

«— i 

«-«z 

(XX 

•-4Q. 

-JO 

-«*-l 

•O* 

>-o 

ir\~a 

•MM 

o 

•>•— >x 

. — *  * — • 

LU 

»■«  IU 
II  >0 

1 

zx 

II  ^ 

Or- 

«OII  UJ 

*-J,0 

^H—D 

V 

COCO 

OJ*«Z«0 

Z-. 

O  II***-" 

co  ii 

O 

r-J       (Xp-rH 

~z 

U.Z 

KO 

o    uuo 

«H- 

Q<NOQ< 

COH- 

OO 

f\l 

a  co 

O 

OOO 


OOO 


oooo 


119 


C OOOOCOOOC OOC ooooooooooooooooooooooooooooooooooo 
pm  4"  u^  >c  Is-  cc  o  o  »~4  rv  ^  -4"  it ■  vo  r-  or  ;»j-  O  <— '  f\J  ro  >J  it.  -O  h~  oo  e*  o  —>  <\i  1*1  >*■  if\  >o  h-  oo  o>  O  —>  <\j  r^^mvOf-cr.  O"  o 
cro  cro  cra^aoooooooooOf^«-^f^f-if-'r^f^.-tf-i.^r\j<Njrg<>jrgr\jcj«Nra{\jr^ 

C;OOOuOUHHHpHp  ji-Hi    It    I  f~«  r-  <  f-l  f— I  f— I  f-l  f— I  r- >  »-<  f- 1 f— I  t— I  r~*  r-*  f-l  i— I  ■— I  f-l  r- 1 f— I  f— I  I    >■    If    l«    If— If—If    I «— <  f— I  f— » f— t  ■— I 

coooooc ooooooooooooooooooooooooooooooooooooooooo 

OOoCOOOOOOCjOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOoOOOOOO 

oooooocooooooooooooooooooooooooooooooooooooooooo 
cooooooooooooooooooooooooooooooooooooooooooooooo 

* 
* 

*  o 

*  z 
u.  < 

*  •  a 

*  Lb 

*  o  a 

};  <  •  LU 

*  ■  ar  >•  o 

*  -h  I-  Z 

*  M  f\J<\J  «— • 

>{•  Q  U  O-*  -I 

*  Z  O  ^r-t  >■ 

<  _J  o 

•  LU  OO 

Q_  00  >  >-t-  LL 

r                             uj  O 

c                          •—  •  oc 

_j                             o  x  00                      z 

•—  <  c 


— •    < 

l/">        LL 

5-    o 


oo 

«_ 

0 

z 

0 

1— ■ 

* 

0 

00 

LU 

i. 

CO1 

X       *  ZcO 
_l      *«    «»Z 

Q_  «    ,.(     -  O 

3C         *  r-H         O     • 

Lv         *    II     II  •OO 

},  H-        OO  • 

II  LU  K  — "-•  II  O'LU 

—  3*?         11  11  —    x 

—  Z*.  o— 1 ——»»■-.  11  z 

—  •—•<«  CNJO'-"— <  —  —  •— ' 
Q.*—  fc-  ^h-h«^— ■57'— 'K 
ClZ*  S-Z_l~.<£ 

LjOj4  >-;  c  .>  >  u~  a.  lj 

•O  *  r-l 

m-*  o 

I* 

u  < 


jc 

^"~ 

h- 

3 

a: 

•»»• 

cn 

> 

O 

O 

LL 

>-«»—• 

0 

LU 

(NJ 

II 

LU 

1— 1 

LL 

— 

-I -J 

— 

ac 

C£. 

-1 

•»■ 

LULU 

-5 

< 

LL 

0 

< 

-5 

>> 

1 

LU 

K 

X 

««> 

•    • 

O 

CC 

LU 

a. 

l-LU 

m 

X 

a 

»- 

LL 

O-l 

f— 1 

z 

1- 

CO 

0 

z 
0 

O 

rsl 

•   • 

<< 

•«• 

0 

»— 

0 

_ 

oc 

««f«f> 

w  w 

—» 

k- 

< 

f— 1 

0 

«-. 

LL 

■OO- 

•   • 

■— » 

Z 

LU 

> 

— ->> 

OQ 

f— 1 

LU 

00 

0 

• 

O 

r 

1ZU 

■z.^: 

+ 

co 

LU 

K 

LU 

t* 

— 

0 

U.O    •• 

<< 

PM^ 

LU 

1— 1 

_J 

"3 

O 

H 

000 

•  • 

<M> 

a 

t- 

C         ~ 

• 

■k 

• 

»— 

INI           * 

••■«•> 

* 

0. 

f-M 

O     — 1 

on 

r-l 

O 

O 

II  II  0 

00 

# 

0 

CCf-l    1 

—. 

r> 

•k 

£ 

,_|IV|INJ     •> 

•  • 

f»* 

LL 

0 

~Z    1    «-< 

_n 

VJ 

O 

f\J 

\f\                INI— • 

00 

f-H 

■** 

_l 

O    •*—<—• 

•»««* 

*— 

• 

O 

►O 

•~-»«»^«»> 

«"■  •  • 

1 

UJ 

•  t-1— '  V 

J<i  JL 

CL> 

O 

Z 

f-.     • 

•-I  t-i  (\i  a.  0  >  uj  jj 

<~ 

2 

> 

LU  II   #  t-   II  O 

JO^- 

< 

11  m  11   •  •_!— 

OGOh 

1         — 

a 

_|H-H_— 1 

-Jw- 

•LU 

O       uJU- 

«— 1 

-7OO0JJ 

■^     •     •fH 

1  II        LULU 

-j 

a 

•    i-«z 

oo->>  II 

—i  11  3Z5 

a. 

11 

LU  OJ >< 00 «-«>-•  h 

I—  II  13  3 

LL 

LU 

>IT\Z4'  >i-cQ- 

-o— > 

-zz 

Q 

(NiZ^    •    •OLUC0O3 

— zz 

^ 

IN, 

ZO  +  >0<U.      oo-5-H 

H 

f— «•— • 

r-K-H-l       G£<«-'— .C 

1  —i|    II    II-  4 

O 

•— < 

—  Hf-lZ 

^-1— M_Jw 

K—(-t- 

^•x 

i-l— "-»_J 

0— — 1-2:— H-t- 

<    • 

-J 

_l> 

>zz 

I 

-J 

-J  II 

JZiiZ 

M 

< 

LLU  II    II  t_jLL  l| 

<> 

Q->wiU 

w 

OujQu.a.<>-' 

II  LLU.ULU>UQ 

a 

3L 

"U^JQhnjuuOUOU 

a: 

Q>QHMUD<«HO>ZUiJ 

Q»- 

(X 

< 

Zl- 

C 

0<fLT. 

LU 

m 

CM       f-lfM 

—  O 

Z 

(MOO 

00 

0 

f-« 

LLCO 

OL 

J 

L 

JUL 

J 

uouu 

120 


cooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


UJ 

at 

3 


00 

O 
UJ 

r-4 

(/) 

i— 1 

3 

o 

n 

LU 

K 

"7 
1 

CO 

O 

i-l 

o 

mm 

o 

4) 

*- 

• 

^ 

> 
—       O 

«~ 

* 

LU 

«■« 

mm 

mm        m* 

— 

<•» 

-J 

a 

«» 

— »        -J 

•a* 

o» 

o 

X 

-9 

->        < 

CNJ 

pH 

z 

« 

«* 

«»      UJ 

♦ 

•f 

< 

> 

>    oc 

<—l 

»-4 

oo 

LU 

> 

>     * 

•»• 

•«* 

h- 

•  • 

O 

coo 

o    — 

X 

* 

Z 

UMfk 

z 

0*" 

—>    > 

• » 

-J 

♦ 

LU 

mirk 

< 

•-*-* 

o    o 

•*• 

LU 

— •• 

X 

i 

D- 

f\l 

< 

<    «- 

-5 

> 

o«-« 

LU 

00 

<\J 

OLU 

X    o 

•* 

• 

•  1 

O 

ii  ii 

«—• 

r* 

k-cc 

«   < 

CL 

►- 

Ow 

< 

m*m, 

o 

•> 

<     X 

QC 

o 

«■* 

-J 

fO*fr 

a 

o— 

»■■>  » 

O 

• 

II 

0l 

W 

H- 

»- 

t/> 

o-» 

— <M< 

-O           — »S| 

< 

-»  II 

zz 

z 

»- 

o 

-> 

— »  1 

O           -5— 

«w 

cvj^ 

X 

» 

LU 

o 

Z 

»4 

^«». 

-?#  — 

~4             ^O  — 

• 

♦  CM 

LU 

« 

X 

o 

LU 

•H 

o> 

W^X 

a-» 

o 

M  + 

K- 

LU 

•— < 

LU> 

>— -J 

o       oczo 

z 

wl   1 

er 

«»«» 

o 

« 

O 

o 

•O 

>->flL 

»-       oo  » 

< 

X  — 

O 

» 

< 

> 

•— 

h- 

ui—>o«-,x 

MOO 

• 

-IX 

> 

LULU 

-J 

LU 

LU 

JOU-U.O 

o 

«» 

lu> 

•  • 

a 

• 

u. 

O         — 

•<#JN# 

C9     ^  II  H  o 

—o 

>z 

►- 

>-»- 

LU 

LU 

M» 

O      ->t-4 

*^  JL,  ^i»  4X  «w  ^^ 

vOKIKI    » 

>  • 

z 

oooo 

X 

CO -J 

o 

o 

CD»-I  |  -4— i-i-JUIO"? 

~  cm  •>        kj— 

oo 

<-»— 

LU 

•  •  •  • 

LU 

Z  »ir\ 

o 

• 

-2|H 

►-*<» 

•  Otl- 

o  »— •— »-».—> 

«•»  • 

>> 

O 

mir\— m » 

H» 

•—  * 

o 

O  •*-*-»**-  1  *  |  Z* 

•— i    —•cmo.ooouj 

II  UJUJ 

t/>   • 

O»0f0^- 

<X 

hmO 

o 

•k 

•-!«-'# 

*<— 0--00 

on  ii    •  •  _j«- 

co«jr- 

— >  •  • 

<t/> 

1  <-"- 

O 

M<-   • 

< 

o 

CTI|*»-  HOX  +  XO  + 

UJ— «"OC?OuJ„J<    •--4<MUJt—  UJOJ 

zz 

XX 

> 

"-•XOLU 

a. 

•  ~«UJ  •"•!-•-•  ■ 

1-JHJ-NUJUJ 

•         UJUJXU'-w  +  jODD 

o 

II  ll-l-l 

-«      D 

O 

Ot/>  •     «-»Z 

«/)O>i/)0LNl033 

>>o^  •  *ouj 

3 

—  •  *zz 

UJfH 

UJUJ 

LU 

<MLU  II  Z 

—•sl>OZ*00 

2h^hh      (X  II  — O  — <<«-•<— 

H»- 

-«(\i» 

I- 

«NI> — •-* 

o 

zo+>o<o 

OO        l-*^4 

«■»•-»  f-4w_J 

«-♦- 

X—— -»-»- 

<< 

ww«w 

< 

*4_Mt~ 

z 

II  11 

1  *»rWZrt«        1 

1           II  hh 

-J  II 

-1       zz 

JJ 

zz 

_) 

~Z 

< 

- ifM 

HHllN  CMZZ 

LlULHO.<« 

U.OUJU.ULO 

3D 

>>U.UL 

D 

OU.O.O 

u)bou.au  n  ou.>i/>>>(/>oo 

mOQwmU3<m(3>hmoo 

OO 

■<^»  »i  « 

O 

Ohio 

f- 

KI»Nl«-i  Q^  JO«  0*NlOO»*J  OO 

-J -J 

-J 

u. 

co       r^o 

« 

<£ 

< 

<M 

t— • 

eor> 

•-•             i-tt-4 

OO 

o 

o 

fM 

-I 

OO 

oooo 


UUtJ 


ooo 


121 


OOOOOC'OOOOOOOOOOOOOCOOOOCOOOOOOOOOOOOOOOOOOOOOOO 

c  o>-'fsxif^^tPvO^  3CO  o>^fv.ro>tinv0^a;oN0»^<NJ^itir\>or^accrOt^rjrri>fir>or^ooCT"0«-«'vJr',i-tir>c 
cr^cro  aCMTa  0NCT^C>oOOOOOOOC>^"^»^«^'^'^'^»^«^«^^csjPvjrvjrvjrsi^fvjf\jrgrornfnpi^rrifOro 
»-  •  f-<  —t  r-»  ,— i  r~*  —<  ,-•  ,-<  —i  ,-t  c\j  (\j  <\i  Csl  f\j  <m  <\i  (\)  r  j  c\j  r\i  <\i  c\j  <\j  r\j  cm  rg  cnj  f\j  r\j  <\j  <\j  cm  <\l  f\i  <\jr\j<\j<\j<\jc\jcsjt\ir\j<\jc\jc\i 

coooocoocoooooocooooooooouoooooooooooooooooooooo 
ooooooeoooc  0000000000000000000000000000O00000000 
occooooooooooooooooooooooooooooooooooooooooooooo 
ooooo CO ooooooooooooooooooooooooooooooooooooooooo 

a  ►  .-i 

5.  ~  m 


_J  w>  O 

LL  *2  O 

>  O  - 

ft  ►.— I  — » 

•—  t—  .—  a 

w  _     ft  X 

2  2—  < 

>  +  _J  2:  r-H 

<  —♦  t-  cr> 

ft  Vft. I  •  f\J 

—  >—  a)  —< 

>                     K 

2-«  a 

Q.  ♦  —  h-  — 

V-  ~>_J  —  — 

c  —  >u>     o  •  a 

2  j.^>z       •  a:  x 

»  INJ    »    »       O  O  <       — » 

Q  »-~2      vO  •  21      • 

r-J  — _J<      ^  —  h-       > 

s:  «  +  o-~—  —  •    •— 

<  i^w      OO  •"*  o      - 
a.  OL»   •   •  •          2  •     O 

5"  »-iNiiri»  *  oo          •  — .                                       -».-»«*• 

►rsj              — .  »  » j_  2          C  2                                              2              t-      - 

c.i/1  «- ooo^:  o        uj  •■                                    ft           _i    ►— 

O    ft-t  >  +       LUUJO  h-           H"  •-*                                              CO*-"                Q.                •-• 

ftr-tro  >•—  Uj5l2:_j  <          •— i  <i                      —                •■<              I—      >~      O 

— *s)—4  Kj~-h-  •— ■>— ioh  o        —              —  a.               «•»*»           oq-           — »    co    «-' 

t-rs.'  ^whh    *0  O             •               — —  Z                    — >"3               —  2                 • 

■—  ftQ  — »Oa:»-"-'tt   •  — i         at             — »"?  •>                "^  +             lu  »            ac     oo     o 

f\j h-  >-"  -x-'-f^-tt  q        ai"'—  a.                ♦  *         "n^-a.            c     uj     ►- 

i/i     a.h-  w—.     +i^u~  •           •        >-<— o  >               *<»■»            *-•>-             •     «-• 

kj     H'-'O  u.  *: -~  a.  *  cj  o  oo        -»        <ou  ••               *~u_         ii  a:  *           —    U    a 

I       ft— o  m  +  <m*:o— i-—  uu        r-t        auivi  q.     cd     >u.*j        zja        »-»-     «     o    — 

~<      I 1  — •—   •OOOU-l  —*           0-           Zislw  x       Z      Zol—                    X           •—  •-•      I—           3d— i 

(^      "o—  -3HJ      5"  O           2            ft—O  "-        ••—   •— O           —  — ■  —               2      Of      -*Z'  I 

^—       CO  — »>UJ_JLJ— ""-•  "-•               •       rr>t-l_J<  r-«t-^i-l«J<             EC-CD                  ~ -    •       O       O    •>•-' 

ro  —  o   •  <\J>    «u  I  >4"K  »-          Of      ♦      <51  Q.            I       <i          ZZCl      r-ir-o      >        «r-i— 

ii    .>_(  »cj  ••o—i  I  —  •>—>  a:        uj>j-</i  ii  uUft-i  i— >  ii  "-H  ii  LUft-i          •  »h-     +  *lu            on* 

~ >0    ft-~UJh-H- >0   »<  O  CJ      O    •mZ~>C£<UJ  OZ>-"-"?Ql<UJ      OOOUjho   •      _l      OJi-iH- 

i-^^x  #«■-.• on  ii  —  ii  >    —i2i—'  Z2  -J        *            D    jjuj_JOa— i—     _i      •    •-! 

—  *Z>ZZ     it^jctl-     QC  v.w      ||  ir»  ii  M2  °-  II  ro»-rvJ  II  »Z       •  «^Z2     —     <     >>tZ 

—  aji-J  »2*  *■  lu+ 2x.it  uj  it  uj     ►-— OiXr-— •  -»*-•  aCfrt'->fO— .  -»•-•     (-"-•     >-•     uj^              2fM* 
JKI-Hwfvjrr.i-M^OOHO  X      «■*"— »—  •—••—•  ~^ ~> *—  »-t_l«-« ^-* 2 «-•"» "5 K-<M «->-»_ ih-  II  >— ^»-      UJ      —  .-•— « 

l_u.li.~u.  ii  ii  u_l_j i _i a.  — <  nu.jauQ.cu  ii  <aunua.auiiLiti.<3Q.LtU-     2     u-u  n 

UJi    »«^_JJNi-iU(JIO  h-      ZwOZQX>UZUZQ^QX>OZMHLjoZiH      <      «Qx 

c  _j«-«in  (Si  ro              a    «t 


122 


oooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


X 

o 
cc 

Q- 


o 


-i                                                              o  ~ 

—  •  I 

>  fvi  K 

>  O                        V,  — 
O                                           •                       ->  X 

a                              v.                 «—  oo 

K                                              —                          X  LU 

O                                                                 HM                                    _J  1-4 

♦                                        «•»                      UJ  o 

—                                                                 X.                                    >  •  M 

"5                                            «J                         *  OK 

—  UJ                 —  2  a: 

a.                               >       — »       ft       *-»  m  o 

—          <          X          <  Q 

i!                              •-       w    k«j       «r  uj  u. 

f^                                       «•»         2     fViUJ          2  X  O 

2         •-*     »-i>         ft  </>  rn— ■ 

_j       oo       #        oo  ro    <oh       2  a 

UJ         *      OCL          *      — •  X  «0     ~«— ■          O          <^J 

>          03      H-t-           CD      r-  LU  _i           2T           —           -< 

«            *         O           +     ■"!  k  o«f          K 

OQ.         -»     0«          —  Q£  O     K>         <          O 

KK          <     O—          <     O  OH-  20.     _J          K 

— )Q         —         —          «-»     K                      -»  >  0«-K     -J 

o     ♦/>     -»»-«o     </>                            -*  o     0*£0     UJ  o 

o*  •    a    >  i   •    o    o       —       *:  o  o       o+    u       o 

K->0     U     UI«-0     U     O         *H         •  ~  -»*  —     2 

—     •-CO     *        •'—00     *                    I           U.  PC  —     »-«ok     <          —         — ' 

CQ^OtH      CD      Ul*^4      CD       —>            i-«            fsj  t-  i-l       X    •.-.       (_)            .-ICQ— »■"» 

Z|0«\     ~     -J*^     •»     r\i     2««     <-»«.  UJ  •     <rg~-                    *2~4  | 

•*•-•    -«ox     «*hox     •     •»♦    *co  x  o    2    a.    o       o  *  i  •-• 

.-•«— -na   «_j     -.-«a.   »-J     O     t-^M     «»-?  I  UJ     hHI-     2  •     UJ^-it— 

#f\ii* -ho.    -.»*^-icl    uj       *     *2  >  •    2—       <a      •    <-* 

UK   •«■»* »  +  XK»»*'»-»«>X       •      UK     OO  «/>  »->— ■  »KM          UJ      -j  II  ♦  t- 

MWH-«<*ONt«^**OUJQC      •*«-•►-  I  OUJUJ  I  XKUJ«-«— .      UJX      <»-«K«-' 

ZO     «-'•-•     .--J     "-"■>     30CM     Z«-«          33  2  <mZZh     OK      O     ~Z 

Kh+   «»Z-»      UJ||2*»||ZU.>»<M<f  Zll  ||  22  O  2»»  •♦  ♦      20      U>*2  + 

M<M>M«*>CL«" .O— >a-»»iZC0K>  +  ->-»*-i-i  2  ZO»Z>K     UJ          2-4--*-> 

•HZ«si<Xi<K-^<Xi<h- 'ZHZ^jJhh  wK—2»-.     UZ     — rH^2 

II              *•«■»—.         *--Z                     ZZ  UJ  ww     vou 

>Q  M  u_*  II  II  u. Oil*  II  liu-ou.  ii  oil  ll  *U-OG  U  U-  II  U.*Q.     UJ<     ULO  II  II 

ZO^«0<£DNO'-<0<CQNU»-'ZQi:-IONOU  O  wZ-Ot-      -JUJ      "—O^— I 

O  <1 

p-l                                 OK                             OJ-i  2  m     oo 

«0                                     K                   CM                                KK  M  <0      O*- 


-> 

• 

<■«■ 

to 

LL 

UJ 

ISJ 

ft 

o 

•»* 

»-« 

O 

K 

UJ 

a: 

• 

o 

K 

> 

O 

^»       • 

K 

«-)     — . 

2 

1  -J~ 

UJ 

f*  »-> 

o 

~>*w 

l/> 

*      * 

< 

K  HO 

2 

"--J-UjUJ 

2     v)33 

UJ 

■f  C0CD22 

X 

>CM<  — « 

K 

Zh-KH 

Z2. 

UJ 

IIOULOO 

K 

jo>-ao 

< 

UJ 

rn^- 

CC 

CVJCNJ 

o 

UOU  OOO  ^HJ^HJ 


123 


coooocoooooocooooooooooooooooooooooooooooooooooo 

0C»00C0cra0'0,O(7va,(^0,(^0>OClCOOOOOOO>-'<-'^>HiH- «<^>-4<-«,-«r\jrvjr\Jf\irgr\JOvJ(\jr\;f\lrclr<,,ir<", 

(\j<\jr\jcgoj(\irs4<\jrsjOsirvjc>4rsif\jcvfO<^rornrn{*ifororo 
oooocooooooooooooooooooooooooooooooooooooooooooo 

C_>Oi_>OoOOOOOOOOOOOOOOOOOOOOOOOOOOoOOOOCOOOOOoOOOOo 

cooooooooooooooooooooooooooooooooooooooooooooooo 
ooocoooooooooooooooooooooooooooooooooooooooooooo 


o 


—  CO 

—  * 

-30 

—  ♦ 

o^ 

rn  _j  oOO 

-4-  •         O  eG< 

.H  —  O  <T3T 

+  «-• 

—  < 

a  i<c       tsj  — » 

o  o        5:        a  ^Q- 

—  + 
O  so— >"s<»j  a  </> — 
uj              <->-js:        o              com 

UJ  —  «~LL    t  —  —  _l  — «• 

_i     — ,~<_iq:u.<viuj         o  >»<         —     o 

•  CDr-<  I   ZON   I   -J      — UJ—  — UJ  O         • 

— 2  1  _■  «  •  1  —  •    ->  «-j  —a:  •    o 

_J +*-,*-*-;£ •-?—  -)UJV-  ~)~-  O  •> 

*:— ■      ■— k        -5«*U-*        ^    •  fvl      —       — -J  C>  +    • 

*:  11  *  h- 11    •u.injcj    o—  1  —  m     ada.t-1      »zo 

II  _D >-«»-•—  -JO (vi —  +  .-•+•  O— nj«-»      OltUO^      O 
-}__*-.£ -5uL.  —  0<  4" -*«-'-><—  O  —  —  O— 14  —  o      o 

00      2*         •  _!<>  — <-Jo0-}.j<-5u0      <j«-H      2  11        H3D3D3#    t  wD^h  _Jw  q.  —  cC 

majfNj  +  >^-<-3<2:<  —  co— <s:  — -co  11  2  11  -ii->zzz2Z*k^iicoz  -f  11  11  a-  2t-;s:t-»- 
^  <^  -«^  >j-w  a^— •^0-^<u-Uj-^a.<— «  o—.  11 -j— —>•-••— ii-h>->nm#  •—•rn—<i—iUj>—-»—  uja:<-»» 
—t— .-•  r-i  —  OK  — H-  O— *>iC£<»Nl      -}l|K")Z-)T^I-KK|->-#«-Hi-i-|-hwZZ-J|-DZ    »►•■ 

11  11  11  — -J     «<^ z^Z^z*         —     2'-' i-H»-a.<\i(\jc\j 

lju-qj^  -jou_  11  n  u_ _j  11  u_  11  11  11  11  Q.o.'jCii.ou.^itQuoau*u.oim.ga  11  aa.<u:uja^'Mfn 

C:-Q^ZQ-<CD^OOi-.N<JmONZONZNOOUOUUU*  '-'C!>-'-iOjI2>->-_JjC(XU_KI-I— 

*  000 

CO 

m 


0 

0 

_ 

CO 

— 

rn 

0 

—* 

UJ 

• 

O 

UJ 

K 

_J 

• 

O 

— 

O 

— 

-5 

— 

a 

-J 

— 

m 

— 

Q 

f— « 

^ 

INJ 

0 

ST 

0 

w 

—  if 

1— 

CO- 

,*-»'~^ 

CO— 

.-)f«J 

a 

<-)-5  2I 

0 

« 

• 

* 

X 

* 

UJ 

* 

h- 

* 

CC 

# 

0 

* 

> 

* 

* 

••        »- 

* 

ir>         2 

* 

•             UJ 

* 

a-         0 

* 

LL             00 

-•» 

»        < 

* 

2 

* 

V 

* 

II             » 

* 

r- 

-» 

0-           1^- 

# 

h-           h- 

» 

O              •« 

* 

«             • 

•* 

•■             00 

* 

r\j          00 

* 

4-          O 

* 

1-        ar 

» 

►  »    u 

* 

m>^ 

* 

• 

u_m*v< 

0. 

— 

►    l\I 

0 

O 

K 

•  c    ••» 

a 

• 

•— 1 

U.<NJ   » 

_i 

O 

•» 

11    *>-<rvJ 

r-( 

«    *^> 

0 

II 

II 

a     •  *- 

Q 

— 

►—1 

i-  11 

^* 

•> 

•       11  - 

2 

w 

— 

»o    < 

1— 

a. 

t-H 

(MNslQCI— 

< 

>- 

— ' 

(\js:ujuj 

31 —• 

— -J 

K-     Ml 

1 

— 

OO 

»  »_ji- 

U-K 

0 

-c 

4-oa- 

DH 

—  • 

0 

►-<CO>— 1    •■ 

— eg 

2   •> 

»l— 1— X 

Q  11 

•— 1  • 

■»«* 

•    *_l-t 

2>- 

—  1— 

a.— . 

infi- 

UJ'— 

-JO 

>  — 

ll    »s:  ► 

O   • 

»a 

C7>      - 

*-* 

a— 

Q-f- 

1-U.O.    • 

*i-i-o— 

t — 

1-1    ►LUX 

#  -._— ~ 

»«• 

•  •  »— < 

*  2 

*_Jw       — 

— 

*    005: 

#    «r-i<Q.     en 

OOCLsO 

X  11 

♦  h-  H  UJ>         » 

•  •>-•■ 

CO       LULU 

LU  UJ  UJ  UJ  UJ -if  O—'QL  — UjvO 

CsJwCO 

«-<5:3 

a 

O 

^f\jm>tcr»  —1 

in 

m 

4- 

>r>r<T-4-<\i*  cr 

m 

1— 1 

•—1 

^-1  _|  ,-<  ^_ 1  r-|  «-  f\j 

*    r-t 

0 

t— < 

124 


oooooooooooooooooooooooooo 

c  -  ro  m  ro  c  >  m  m  *j- -4"  >4- «4"  >$- >t  "4"  ^  ^  «fr  »f>  ir\  ir\  m  i^  ir»  in  10  ir\ 
m  n  >  («•)  mm  m^  coromeo  com  fOmfOfOfiirofOfrimforo  ro  t*\ 

oooooooooooooooooooooooooo 

oooooooooooooooooooooooooo 

oooooooooooooooooooooooooo 

oooooooooooooooooooooooooo 


u3n0 


h»z 


z>- 


z 
o 
at 


►X 

*  »  *  »ro<4*  ► 

•>•  •    t    •    •CO    •»>* 

CMO     ffO*0*<ML»    * 
h>UJ      U.U.U.U.CNJO,* 

f—  ■— •     •>•>•>•>  »ox  » 

•4-      XXXX»(-0» 

*     M  &&&&■  >—• 

XU       •  •  •  *ll    •+-» 

oo    ^^t^*-    >-o» 

-J-J        •   •   •  •<\»ZC0  •»  •> 

u.uj     aooococoooa     x-» 

0>       ILU.U.ULISJOC    ••-«>*, 

<t«       ft  •»  »  •■•  u-ct  •»  •  »  »  •>        at 

CD   ft      XXXX  ft     <-  •  •  m  m  O 

aoaoeocox  «lu<  <<->—••-•        u» 

►  ft  ft   »fO,-4CCXX"«   •  •  •» 
<\l<\J<Vlf\J  •■•       ZZ  ft  •  »— •      UJ 

*  •  •  »o  ••  •<<i«>fOfO<*>  x 
h»h»*,»^«  •01400  •  •  •  •  ft* 
U-U.ULU.CO>--  •  •  <0<O>0<O  t- 

*  *  •>  »U-  •>•»•>  ••U-U-U-U. 
XXXXNSOXX   •»•,•.„  o 


ft      UJ 

*   •     o 
•      •    u 

«/»      ft    K 

»Q      Ifl  IL 

•  Z     •— •  '—' 

O—  »  -J 

II  o»  •  •      — 

UJ    •  »  ■J' 

ZoOt/1  I!       X  n 
O      UJ      —CO        * 

>-<•  h— Q»      •»  • 

H-  »OUJ  •• 

<      Z-J-     •       II 

CCCM**.J  «U. 

UJ  •XUJUMiJ      K 

h-co     o«-«0     «-• 
ZlL«  z  »u 


or 
o 


cm     n<     u. 

•V)      Of 

coacOO     k 

U.N"*UJ»  O 

•<o  *    -J 
•  O.ZK    a 
uJro-» 

M XUw«Z 

ujoo  »xa 

UJH-UJft  <\Jm 

xcic-jujr-i- 

»-4Q<Z     •>•— ' 

ft->0«-»f0«/) 

Oh-  «o 
OUL        ooo. 
ZOWQlt 
•-*    acuj  *x 

K    »mmxuj 

X       <  *c 

oo     OJXZrO> 
a.    cxiuac  •• 

<  h-H-OCO   ft 

OO0CZU.X 


O 

a 
x 
o 
o 


oooo  »«^Or0fn— .—>—.-» 
_,,-^_j.    ,._,  „  »xxxx 

ft     ft     ft     ft  •    H*»     •     »~»»-ll-«f-l 

^"•t^^t  II  to  •■>->   »  »  •  » 

OS  •—»•—••— ■»-.      I--  h-t-<MfM<MfM 

UJ(_)  *  »  »  ft_lUJQ,  •-*•-•   •    •    •    • 

</>_j  XXXXoOUJOOOinUMAlT* 

3<  ir\lAUMnKlX>-OOU.U.U.U, 

•  O  »•»•>•>•</)      _j_j«^^»^.w 
►•  •  •  •  •     •»       «4iJUJCM(M(MCM 

h»  •>    **«*xxa:»  •*-••>    uj 

^t»n      #  #  #  #  COOK.  -  —— «~ 
t-^t  *     X  *f-Ui  »  »xxxx 

►t»S      O      XfOOC0CXXt-«r-H-*r«« 

•  "^»    >—     o  «o     ^^  •»•»•»  • 
>•   •■a*-    »-a»  •  •»  ••tMfviCMfM    uj    ujt-o*   *o 

HZ*   O00.hu.*  CO.   •      •    •    •    •       m         t/)»  >    »Xr-4 

«-«0— 'KCOOOCsJ  *•  ZZ<4><0>0<0       •     O,  »     XO^  » 

o*->x  •>  *>-co  *csi  ►oou.u-u.u.    x    <xu.irk«-i^ 

-*<      ZZCtQC     H»r*-H-H>C4<M<NJ(\»^  »     UJ  »     -h>)->s 

UiUUJQQ<<  ||    ftfxift* 

>OOc£0Cujuj    ^  *<n*st 
m  _jZu»u.accc-J«**  oo  » 
•••<####o    xacx 

»N*  •h»###OHO»  •  »-4 
rncsiuo*  •>  •  •  o<h-  •>  ••«-• 
KfO«  •...•.»•  ihXX 

•h-oxxxx  *aomfo 

►>s    •^•Hf-i«-4rou>    en 

uuoououu    uuououo 


-<X  JVQ»-ico>. 


«>J 


Hh  OHJKXH 

<<  H-«<f,-< 

XX  XKX^X 

ococ  aCQcc  -cca 

OO  •  OH-OSOZ 

U.U.  U>»   U.-VLLUJ 


fO"^ 


lf\ 


125 


oooocococooooooooooooooooooooooocooooooooooooo 
c  Cr-'^i^  t iri^c^-ooTOt-trvmvi-mvOr^-ooOo— •fNir^^ir\v0^0DCT>o»-trvjrr  oj-in^r^-coo-O'-'^if0  -t" 
u"sOvO^>o>OvOjivOsOvor^t^r^f^f^r^^^^^a^acoo<r;coacaooooooo<7>a^'7>CT<<>o^oxa^crC'OOooo 

oooocooooooooooooooooooooooooooooooooooooooooo 
coooooooccoooooooooooocoooooooooooooooocoooooo 
ooooocoooooooooooooooooooooooooooooooooooooooc 
OOOOOC oo oooooooocooooooooooooooooooooooooooooo 

* 

* 

N 

* 
* 
# 

* 

*  — 

*  INI 

*  z 

*  X   ft 

*  u-.cn 
#J2 

¥  a.  - 

*  s:»- 

*o*- 

*  oz 

*  » 

*  —a.  ^ 
#z  ~                    >t                 o 

*  I  to  O  -J 

*  •— O  —i 

*  — 'tu  CD 

*  O  H 

*  CtO  h- 

«  jjuj        m—»  (NO  -h  r\j 

*  o  ••       oo       o  oo  o  o 

+  11)"—         •— •  •         o  *-•  ■— i  •"* 

*»-o  o  — 

*  zo       o  *       —  c  —  o  o 

*  «-•>}•  >-0  —  >-•-•  I-  h- 

*  *—              •  o  •                   — • 
*— *:  a—"  •  oo  o    —       c 
*>-0  O—  uj  Ouj  o     --         o 

*  I     ►               X  -J  •                       -> 

a  o—        — -J         •  — o  —    -» 

*  «0  OOO.  ->  OZ  00— »LL  OOO 

*  Io  OX  Z  UJ*-  OOnj  OoO 

*  I  ^*  UJO  —  •  •  LUO-iw  UJKJ 
*(-<"—  •  I  •  IDO  »INlO  »N* 
#wLL  UJ— .  Q-  JZ  LUN.-)  LU  — 

*  ini  -J—  O  —        •<  -J—  Z  -J~3 

*  _»n.              •  rsl  —  •  £__  —  —•      —    •                  •"JO              •  «-» 

*  <<X  -*fcO  —  Z—t  |  — •— —  -~-~^o  «-»—  * 
»  LLlX  COkj  •  O  -  I  —  •.-">-?--. — D^^N-  ocno 
itttO-  —  *  — O  tHM^itwZ-J^k  OOD^*  * 
St        _J-»INICCN.    »  UJ       — •*        2-i    •  '—  1/7INICC—    •  OOlNjCO 

*  <N-  +  (jO       _J  II  *»-  II  0  3U-N-+  +  _,iv4«_,+  + 

*►— "n.-»-o«i  •  »(\i  ••-•►-  <-t"?  — UJfviwO<r\i'— —  o<m 
■n  •—     _i<*  —toooa.     "-z     00  •  1  _j<  s  00  1  _i<>  oo 

*  OZ<z<— *-iNizroZ4-c\joo->»vi<s:<iMivi<is;<'Ni 

x  wQUjww  —  0+>0<'-'       LU1-"—  UJ*-"-' 

*j£a;<-'ii  11  11  ^^^»z— «'-*■-  ll  o_<*-  11  it  tx«t —  11 

*  a.  2:  «-<r\jm  x>  <\o  m 
h  S1U  II  ll  U.00  00000.0  11  II  UU.u.00  ll  11  U.000O  11  11  u-00 
it  WO^IO1— 'mnjm— Qs£  jo^mnj^co'— <^^l'NI<^CQ'--''Ni 
n                                                                     ~* 

*  o 

UUOCUUUUUUUUUUOUUUGU 


* 

■h 

* 

z 

V 

0 

H 

*>H 

< 

1— 

_L- 

M 

>— 1 

LU 

K- 

<t 

OO 

X 

cr: 

S 

O 

1- 

►-                       UJ 

> 

a 

X 

CC.                       x 

w- 

> 

0 

LU 

■(V 

-£. 

•— I 

X                z 

■*<- 

< 

X 

1-               — 

*■ 

-j: 

# 

>— 

U-                 z 

* 

< 

0- 

c      •       0 

f< 

0 

Q_                    t-t 

a 

> 

U_ 

UJCco         ►- 

Or 

>— 

z:    z       -1 

•i 

1—1 

a. 

JLUV             00 

-h 

O 

UJ 

Ol-              O 

*• 

O 

c 

ZZm          q. 

y 

_J 

z 

wl.UZ         •         • 

# 

UJ 

t— 1 

O         x»  C 

i 

> 

-J 

OOOO    »UJ-)IU 

•vi 

> 

LL'UJI— ZK"    \- 

tf 

LL. 

0 

X-J      OQC      < 

* 

> 

oO<    ••-"OUJO 

* 

— 

LU 

OUJi->XC~ 

4f 

h- 

0 

00O-J<      h-  -J 

i 

O 

1—1 

U)         .0_l 

> 

UJ    . 

1/1 

►-O      O<o0o0 

» 

>tX 

»— 

•  JZ     •_|UJUJ« 

* 

ZUJ 

0 

o0«— '       LU       CC*— 

* 

CO 

*3 

<hIZX      <M 

>c 

OZ 

ujct:coZ)uj<o 

*""». 

►-^ 

a: 

3t.GOO.v-      —X 

> ;-. 

U    _J 

c; 

00    ofyco 

U)i 

LL1>- 

IOCOZ- 

IVI    K 

a  <_; 

z 

Xi-I-Z>u.  — X 

••* 

LL 

a 

►-Z      ►-                jt    • 

Ox 

Ijj 

< 

Q_UjO0UJ_J2o0       isj 

Z# 

LUX 

zc 

>^-<0<CD<0,-'Z 

**■ 

X»- 

OUJCDOO              L_Jta-.X— '»— 

<_M< 

1— 

<— l_t 

<OUJQ_h-l—        < 

Z^ 

LU 

»— ►- 

XZlUQ.       <       > 

►« 

LuCl 

•— 'OOUJ       1—  U-KOZO 

rsji, 

t—  •— 1 

oOUJI— U_<JC      oujq_>- 

~»a 

<<y) 

oqc-Oj    »-_jXct:'-< 

«■ 

-Jh- 

a. 

O      DZO     i>-<0 

3-V 

03 

oo>    »uOZ<           O 

-JU 

U3 

Dh 

"D-J—            »--_j 

Uj« 

—1 

UJ 

LU  Z  <  H- OO  00  r-t  i^  LU 

>» 

<rc-: 

iviXD      (_><'—"-'      0> 

O* 

oc 

—  ►- 

3^       _J             II 

« 

Jh 

SCD    •-J'viiNi      Qt-I— 

U_.it 

JZ 

•• 

<OUJ5LlOUJ            l~)Z)Z) 

Z* 

KO 

00 

5: 0  cq  ~.  <  ou.  u.  z-*a 

•— '  M- 

a. 

u._J3E  XajZ •— '>— 1          h- 

1-    «• 

•  • 

i_j 

CJUJ 

0<_i.<  •>  ►u_u_0 

3-H 

UJ 

K- 

z> 

Z  2-  vt  O  O  — 1  >—  r«j  O 

w   fi 

l0 

UJ 

a.* 

a 

i- 

II 

II    II             II        II        II 

X* 

a. 

< 

_>•.. 

a. 

U- 

00* 

0 

< 

-* 

a. 

a. 

> 

H 

CD>           O      ~5      O 

* 

•VI 

r.z.        z    z    ini 

126 


ooooooooooooo 

ir>  vo  r-  od  cr  o  i-»  oj  m  •■$•  m  >o  h* 

OOOOQhhhpIi  4«  li  ii"i< 
■4"  >*  -4-  ■*  <4"  «fr  *  >*"  ^  >*"  >*  »t  * 

ooooooooooooo 
ooooooooooooo 
ooooooooooooo 
ooooooooooooo 

u. 

o 


QC   • 

UU. 

K 

Zll 

Ui 

u> 

z 

►-• 

<  » 

X 

>fO 

K   •« 

•-■fO— 

t_>~~< 

o  »x 

_J-  -• 

UJ        » 

>  II  V. 

<coro 

z»-» 

UJ*     • 

«• 

H-  *• 

>-* 

<X 

a. 

-»m  h 

# 

3  •» 

o 

O00U 

• 

-J  »z 

<VJ 

<m* 

*» 

o**  •> 

^v 

»■» 

UJX 

• 

«» 

0«M<^ 

— 

4- 

H»   •>  » 

* 

UO 

•  ^f 

l<0 

M 

K      «■"• 

Kl 

«* 

U 

Q-  H    - 

" 

o 

Z 

X      • 

-1 

< 

•> 

UJfsj 

< 

X 

n 

►—     II 

uu 

*■« 

z 

H-    •» 

ac 

< 

» 

<x-> 

m 

•> 

mz 

^ 

^ 

»  •»• 

* 

<* 

♦  ^ 

00 

CO 

> 

»^ 

IM 

M 

z 

*  •  • 

>m0 

«— » 

•> 

*• 

o 

-J 

A 

•  ♦ 

< 

< 

z 

H> 

X 

UI 

Ik 

X# 

t— • 

a 

M 

m» 

f0< 

i 

•* 

t/>  1  o*» 

«»» 

t-i 

N»NX 

«>4 

x  • 

1   X  +  _l 

•> 

•HOC 

kuujrg_j<-40. 

»0 

"Ui 

DD00Q.U5I 

•w 

O 

ZZNINOZ      ZhZ  ■> 

—  ~,     o 

a.ujac<— <x 

HHM       H 

M  Dl-ZDX-irri 

zz<t  ii  >*•>»-- »-»*-a:>  «o 

OObOUlOULUlXUJOu^Z 

UO'MNIiMKiaCXfKUL      -*u 

uu 

<\jf>*- 

\F\ 

p4 

ooo 

o 

127 


LIST  OF  REFERENCES 


1.  Robertson,  J.  M. ,   Hydrodynamics  in  Theory  and  Application, 

Prentice-Hall,  1965. 

2.  Schlichting,  H.,   Boundary  Layer  Theory,  translated  by  J.  Kestin, 

6th  ed.,  McGraw-Hill,  1968. 

3.  Morkovin,  M.  V.,   "Flow  About  a  Circular  Cylinder  -  A  Kaleidoscope 

of  Challenging  Fluid  Phenomena,"  Proceedings  ASME  Symposium 
on  Fully  Separated  Flows,  p.  102-118,  1964. 

4.  Frederick,  D.,  and  Chang,  T.  S.,   Continuum  Mechanics,  Allyn  and 

Bacon,  1965. 

5.  Kaplun,  S.,   "Low  Reynolds  Number  Flow  Past  a  Circular  Cylinder," 

Journal  of  Mathematics  and  Mechanics.  Vol.  6,  No.  5,  p.  595, 
1957. 

6.  Lamb,  H.,   Hydrodynamics,  6th  ed . ,  Dover  Publications,  1932. 

7.  Thorn,  A.,   "The  Flow  Past  Circular  Cylinders  at  Low  Speeds," 

Proceedings  of  the  Royal  Society,  London,  Series  A,  Vol.  141, 
p.  651,  1933. 

8.  Kawaguti,  M. ,   "Numerical  Solution  of  the  Navier-Stokes  Equations 

for  the  Flow  Around  a  Circular  Cylinder  at  Reynolds  Number  40," 
Journal  of  the  Physical  Society  of  Japan,  Vol.  8,  p.  747,  1953. 

9.  Shair,  F.,  Grove,  A.,  Petersen,  E. ,  and  Acrivos,  A.,   "The  Effect 

of  Confining  Walls  on  the  Stability  of  the  Steady  Wake  Behind 
a  Circular  Cylinder,"  Journal  of  Fluid  Mechanics,  Vol.  17, 
p.  546,  1963. 

10.  Abernathy,  F.,  and  Kronauer,  R. ,   "The  Formation  of  Vortex  Streets," 

Journal  of  Fluid  Mechanics,  Vol.  13,  p.  1,  1962. 

11.  Fromm,  J.,  and  Harlow,  F.,   "Numerical  Solution  of  the  Problem  of 

Vortex  Street  Development,"  The  Physics  of  Fluids,  Vol.  6, 
P.  975,  1963. 

12.  Crandall,  S.,   Engineering  Analysis,  McGraw-Hill,  1956. 

13.  Thompson,  J.,   "Computer  Experimentation  With  an  Implicit  Numerical 

Solution  of  the  Navier-Stokes  Equations  for  an  Oscillating 
Body,"  AIAA  Paper  No.  69-185,  1969. 

14.  Wang,  C,   "The  Flow  Past  a  Circular  Cylinder  which  is  Started 

Impulsively  From  Rest,"  Journal  of  Applied  Mechanics,  ASME 
Paper  No.  67-APM-31,  1967. 


128 


15.  Ingham,  D.  B.,   "Note  on  the  Numerical  Solution  for  Unsteady 

Viscous  Flow  Past  a  Circular  Cylinder,"  Journal  of  Fluid 
Mechanics,  Vol.  31,  p.  815,  1968. 

16.  Payne,  R.  B.,   "Calculations  of  Unsteady  Viscous  Flow  Past  a 

Circular  Cylinder,"  Journal  of  Fluid  Mechanics,  Vol.  4, 
p.  81,  1957. 

17.  Taneda,  S.,   "The  Stability  of  Two-Dimensional  Laminar  Wakes  at 

Low  Reynolds  Numbers,"   Journal  of  the  Physical  Society  of 
Japan ,  Vol.  18,  p.  288,  1963. 

18.  Tritton,  D.  J.,   "The  Flow  Past  a  Circular  Cylinder  at  Low 

Reynolds  Numbers,"   Journal  of  Fluid  Mechanics,  Vol.  6, 
p.  547,  1959. 

19.  Roshko,  A.,   "On  the  Development  of  Turbulent  Wakes  from  Vortex 

Streets,"  NACA  TN  2913,  March  1953. 

20.  Rosenhead,  L. ,   "Vortex  Systems  in  Wakes,"  Advances  in  Applied 

Mechanics,  Vol.  3,  p.  185,  Academic  Press,  1953. 

21.  Wille,  R. ,   "Karman  Vortex,"  Advances  in  Applied  Mechanics, 

Vol.  6,  p.  273,  Academic  Press,  1960. 

22.  Apelt,  C.  J.,   "The  Steady  Flow  of  a  Viscous  Fluid  past  a  Circular 

Cylinder  at  Reynolds  Numbers  40  and  44,"  Rept.  to  Aeronauti- 
cal Research  Council,  London,  No.  20502,  1958. 

23.  Ujihara,  B.  H. ,   "An  Analytical  Study  of  Separated  Flow  About  a 

Circular  Cylinder,"  North  American  Aviation,  Space  and 
Information  Systems  Division,  SID  66-1805,  NAS  2-3675, 
23  Nov.  1966. 

24.  Sarpkaya,  T. ,  and  Garrison,  C.  J.,   "Vortex  Formation  and  Resist- 

ance in  Unsteady  Flow,"  Journal  of  Applied  Mechanics,  ASME 
Paper  No.  62-WA-62,  1962. 

25.  Gerrard,  J.  H. ,   "Numerical  Computation  of  the  Magnitude  and 

Frequency  of  the  Lift  on  a  Circular  Cylinder,"  Philosophical 
Transactions  of  the  Royal  Society  of  London,  Series  A,  Vol. 
261,  p.  137,  1967. 

26.  Dennis  S.  C.  R. ,  and  Shimshoni,  M. ,   "The  Steady  Flow  of  a 

Viscous  Fluid  Past  a  Circular  Cylinder,"  Rept.  to  Aeronauti- 
cal Research  Council,  London,  No.  26104,  1964. 

27.  Bearman,  P.  W. ,   "On  Vortex  Street  Wakes,"  Journal  of  Fluid 

Mechanics,   Vol.  28,  p.  625,  1967. 

28.  Acher,  J.  A.,  and  Dosanjh,  D.  S.,   "An  Experimental  Investigation 

of  the  Formation  and  Flow  Characteristics  of  an  Impulsively 
Generated  Vortex  Street,"  Transactions  of  the  ASME,  ASME 
Paper  No.  68-FE-32,  1968. 


129 


29.  Bryson,  A.  E. ,  Jr.,   "Symmetric  Vortex  Separation  on  Circular 

Cylinders  and  Cones,"   Journal  of  Applied  Mechanics,  Vol.  26, 
No.  4,  Transactions  of  the  ASME,  Vol.  81,  Series  E,  Dec.  1959, 
p.  643. 

30.  Hanson,  F.  B.,  and  Richardson,  P.  D. ,   "The  Near-Wake  of  a  Circular 

Cylinder  in  Crossflow,"  ASME  Paper  No.  68-FE-5,  1968. 

31.  Schindel,  L  H. ,   "Separated  Flow  About  Lifting  Bodies,"  MIT 

Aerophysics  Laboratory,  Technical  Report  No.  80,  1963. 

32.  Roshko,  A. ,   "On  the  Drag  and  Shedding  Frequency  of  Two-Dimensional 

Bluff  Bodies,"   NACA  TN  3169,  1954. 

33.  Sarpkaya,  T.,   "Separated  Flow  About  Lifting  Bodies  and  Impulsive 

Flow  About  Cylinders,"  AIAA  Journal,  Vol.  4,  p.  414,  1966. 

34.  Ward  E.  G.,  and  Dalton,  C,   "Strictly  Sinusoidal  Flow  Around  a 

Stationary  Cylinder,"  ASME  Paper  No.  69-FE-13,  1969. 

35.  Sarpkaya,  T.,   "An  Analytical  Study  of  Separated  Flow  About 

Circular  Cylinders,"  ASME  Paper  No.  68-FE-15,  1968. 

36.  Sarpkaya,  T. ,   "Lift,  Drag,  and  Added-Mass  Coefficients  for  a 

Circular  Cylinder  Immersed  in  a  Time-Dependent  Flow," 
Journal  of  Applied  Mechanics,  Vol.  30,  No.  1,   Transactions 
of  the  ASME,  Vol.  85,  Series  E,  March  1963,  p.  13. 

37.  Friberg,  E.  G. ,   "Measurement  of  Vortex  Separation,  Part  I: 

Two-Dimensional  Circular  and  Elliptic  Bodies,"  MIT 
Aerophysics  Laboratory  Technical  Report  114,  1965. 

38.  Milne-Thompson,  Theoretical  Hydrodynamics,  5th  ed.,  The  MacMillan 

Co. ,  1968. 

39.  Fox,  L. ,   An  Introduction  to  Numerical  Linear  Algebra,  1st  ed., 

Oxford  University  Press,  1965. 

40.  Nielsen,  K.  L. ,   Methods  in  Numerical  Analysis,  1st  ed . ,   The 

MacMillan  Co. ,  1956. 

41.  Be  1 1  amy -Knight ,  P.  G.,   "Analytical  Study  of  Symmetrical  Separated 

Flow  About  a  Circular  Cylinder,"  a  Master's  Thesis  presented 
at  the  University  of  Manchester,  Oct.  1967. 

U2.      Fage,  A.,  and  Johansen,  F.  C,   "The  Structure  of  Vortex  Sheets," 
Philosophical  Magazine,  Vol.  5,  No.  28,  1928. 

43.  Edwards,  R.  H.,   "Leading  Edge  Separation  From  Delta  Wings," 

Journal  of  the  Aeronautical  Sciences,  Vol.  21,  p.  134,  1954. 

44.  Rott,  N.,   "Diffraction  of  a  Weak  Shock  With  Vortex  Generation," 

Journal  of  Fluid  Mechanics,  Vol.  1,  p.  Ill,  1956. 


130 


INITIAL  DISTRIBUTION  LIST 

No.  Copies 

1.  Defense  Documentation  Center  20 
Cameron  Station 

Alexandria,  Virginia  22314 

2.  Library,  Code  0212  2 
Naval  Postgraduate  School 

Monterey,  California  93940 

3.  Naval  Ship  Systems  Command,  Code  2052  1 
Via  Code  31 

Department  of  the  Navy 
Washington,  D.  C.  20360 

4.  Professor  T.  Sarpkaya,  Code  59  5 
Department  of  Mechanical  Engineering 

Naval  Postgraduate  School 
Monterey,  California  93940 

5.  LT  Martin  D.  Davis,  USN  2 
445  Crestview  Road 

Southern  Pines,  North  Carolina  28387 


131 


Unclassified 


Security  Classification 


DOCUMENT  CONTROL  DATA  -R&D 


Security  classilication  of  title,   body  ol  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified) 


ow'Ginating    activity  ( Corpora le  author) 

Naval  Postgraduate  School 
Monterey,  California  93940 


2«.   REPORT    SECURI  TY    CLASSIFICATION 

Unclassified 


2b.    GROUP 


J      REPORT     TITLE 


An  Analytical  Study  of  Separated  Flow  About  a  Circular  Cylinder 


4     DESCRIPTIVE  NOTES  (Type  ot  report  and,lnclusive  dates) 

Master's  Thesis;  December  1969 


5     *u  TMORiSi  (First  name,  middle  initial,  last  name) 

Martin  Dorner  Davis 


6      REPORT    DATE 


December  1969 


7a.     TOTAL    NO.    OF    PAGES 


132 


76.    NO.    OF    REFS 

44 


»a      CONTRACT    OR    GRANT    NO. 


6.    PROJEC  T    NO 


0a.    ORIGINATOR'S    REPORT    NUMBER(S) 


Sb.   OTHER   REPORT   NOIS)  (Any  other  numbers   that  may  ba  assigned 
this  report) 


10      DISTRIBUTION    STATEMENT 

This  document  has  been  approved  for  public  release  and  sale,  its  distribution 
is  unlimited. 


II      SUPPLEMENTARY    NOTES 


12.    SPONSORING   MILI  TAR  Y    ACTIVITY 

Naval  Postgraduate  School 
Monterey,  California  93940 


13.  ABSTR  AC  T 


The  problem  of  separated  flow  about  a  circular  cylinder  is  studied 
analytically  through  the  use  of  two  potential  flow  models.   Following  a 
detailed  review  of  the  present  state  of  knowledge,  mathematical  formulation 
of  the  models  and  appropriate  computer  programs  are  presented.   These  models 
are  shown  to  be  capable  of  simulating  the  asymmetric  vortex  shedding. 


DD  ,?„?..1473    ,PAGE" 

S/N    0! 01 -807-681 1 


133 


Unclassified 


Security  Classification 


A- 31408 


Uric  lagsi  f  ied 


Security  Classification 


KEY     WORDS 


Drag  on  circular  cylinder 

Vortex  sheet 

Vortex  core 

Forces  on  bluff  bodies 

Separated  flow 

Computer 

Impulsively  started  flow 

Shear  layer  development 


DD  ,Fr"„1473    back 


1  r>  t  -■-,-■ ,  .    , 


134 


Unclassified 


Security  Classification 


thesD1717 

An  analytical  study  of  separated  flow  ab 


3  2768  002  09612  5 

DUDLEY  KNOX  LIBRARY 


